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OBSERVATIONS OF THE IMPACTS OF MECHANICAL PLOWING ON 
BURIED REMAINS IN FORENSIC AND ARCHAEOLOGICAL CONTEXTS 
 
ALYSSA M. NEWCOMB 
 
ABSTRACT 
 
Among the numerous taphonomic influences that can impact biological remains, 
agricultural activity has one of the most widespread effects. The present research 
examines the impacts of agricultural activities on buried skeletal remains, both in 
archaeological and medicolegal contexts. Juvenile pig (Sus scrofa) skeletons were 
utilized to simulate buried juvenile human aged 3 to 5 years to test the influence of 
original burial depths and different plowing intervals on the dispersal and the degree of 
damage caused by an offset disk plow. Ten juvenile pig skeletons were buried in 
relatively anatomical position, five at a bottom depth of 15 cmbs (cm below the surface) 
and five at 22 cmbs. They were subjected to different intervals of plowing with one burial 
at each depth subjected to a single, three, five, seven, or ten plow passes. The disturbed 
area was surveyed for surface material, and the plow furrows were excavated in 1 m by 1 
m units. The excavated soil was screened using a ¼” mesh screen, except for two burials 
that were screened using a nested ¼” and ⅛” mesh screen to test the differences in 
recovery between the two screen sizes. The recovered skeletal material was inventoried 
and assessed for damage. The results of this research showed that while original burial 
depth had some effect on distribution of bone and the degree to which bone was 
damaged, the relationship was not statistically significant. The number of plowing 
intervals did have a significant effect on the distribution and degree of damage. The 
vi 
damage caused to bone by the offset disk plow would be distinguishable from perimortem 
trauma in dry bone. Comparison of the recovery rates of ¼” and ⅛” mesh found that ⅛” 
contributed to a higher recovery of juvenile remains at least 3 to 5 years of age in soil 
with a high gravel content. 
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CHAPTER 1:  INTRODUCTION 
Taphonomy of Agriculture 
Taphonomy is the study of the natural and artificial processes which impact 
biological remains from the time of death until recovery (Pokines 2014). Among the 
numerous taphonomic influences that can impact biological remains, agricultural activity 
has one of the most widespread effects. Commercial to small (household) scale, 
agriculture is a worldwide process of food production, and one in which the various 
methods and equipment employed all result in extensive soil disturbance. In many areas, 
the percentage of land under cultivation is very high, such as the Chalklands in southern 
Britain where less than 1% of the surface area remains uncultivated (Yorston et al. 1990). 
The unintentional discovery of buried human remains can occur potentially 
anywhere that recent soil disturbance occurs, and agricultural activity can consist of 
multiple soil disturbance sessions within a single year. With the significant increase in 
global population, the percentage of undeveloped land can be expected to shrink, and a 
rise in burials discovered through agricultural as well as construction activities can be 
anticipated, both archaeological and clandestine in nature. In addition, the advancement 
of modern plowing technology and equipment has progressed significantly, and this may 
bring about changes in the magnitude of agricultural disturbance. For example, the 
pattern of disturbance of heavy machinery can be drastically different from the 
disturbance caused by a wooden plow pulled by draft animals, although more traditional 
methods may persist in areas of the world with differential access to these technological 
advancements. There is also a shift in developed countries from smaller scale, family-
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owned farms with a small amount of mechanical equipment to mass-produced crop 
companies operating a large number of plows. Less than 1% of the population of the 
United States engages in farming as their principle occupation (EPA 2012).  
Although there has been some research on the taphonomic effects of plowing 
activities on lithic and ceramic materials within archaeological sites (Ammerman 1985; 
Cowan and Odell 1990; Dunnell 1990; Lewarch and O’Brian 1981; Odell and Cowan 
1987; Roper 1976; Yorston 1990; Yorston et al. 1990), this area is in need of additional 
research to incorporate the effects upon osseous material (Kiley 2000, 2008; Nawrocki 
and Clark 1994). The agricultural methods which have been explored included types of 
cultivation not currently in widespread use, such as a wooden plow pulled by oxen 
(Redman and Watson 1970) and the moldboard plow, an agricultural tool that has since 
been utilized less frequently by farmers due to advances in conservation and sustainable 
farming techniques (EPA 2012). Most of this previous research focused on the impacts to 
lithic artifacts (Lewarch and O’Brian 1981; Odell and Cowan 1987; Roper 1976; Yorston 
et al. 1990), and damage to faunal material is not addressed. The taphonomic impact of 
plowing on human burials has been little explored.  
Agricultural activity affects a archaeological site through dispersal and direct 
physical damage. The integrity of an archaeological site can be greatly compromised by 
taphonomic processes that displace the artifacts or features of which they are comprised, 
and these processes can include bioturbation (Pokines and Baker 2014), alluvial transport 
(Evans 2014), construction activities (pers. obs.), and agricultural activities (Haglund et 
al. 2002). Stratigraphic levels can be mixed, affecting the potential temporal data, and 
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processes which can destroy features and remove artifacts from a site completely can be 
detrimental to the point that there is no longer any physical evidence of the site 
remaining. In the case of agricultural activity, artifacts and features such as burials can be 
spread over multiple acres from a single origin after several decades of plowing. Some 
experiments have been conducted to explore the extent of disturbance that plowing 
causes and try to discern if any predictable pattern is present (Ammerman 1985; Cowan 
and Odell 1990; Dunnell 1990; Lewarch and O’Brian 1981; Odell and Cowan 1987; 
Roper 1976; Yorston 1990; Yorston et al. 1990). However, in the case of archaeological 
sites, there is often no record of duration, direction, or extent of agricultural disturbance. 
The present research explored the level of disturbance attributed to differential amounts 
of plowing where the original composition of material was known, and other intrinsic 
factors such as direction were controlled for.  
Plowing activities can cause a significant amount of disturbance to horizontal 
distribution of remains and/or artifacts, and their distribution is only limited by the spatial 
extent to which the plowing occurs. However, plowing depth is limited by the extent to 
which the plow can penetrate subsurface, which is usually the first 15 to 30 cm of soil 
(Haglund et al. 2002). The present research utilized two different burial depths to explore 
differential movement between burials completely within the plow zone and burials only 
partially within the plow zone. 
The second primary impact that agricultural activity has upon sites is the 
fragmentation of the artifacts within them, and previous research regarding this aspect of 
agricultural impacts dealt exclusively with lithic and ceramic artifacts (Ammerman 1985; 
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Odell and Cowan 1987; Roper 1976). Bone can be expected to fragment differently than 
lithic or ceramic material based on its biomechanical properties, and different skeletal 
elements can be expected to fragment differently based on the structure of the individual 
bone. More delicate bones, such as those associated with the skull and thoracic region 
would be more likely to fragment and disperse than the sturdy shafts of the long bones.  
 
Agricultural Taphonomy in Forensic Anthropology 
In the realm of forensic sciences, archaeological techniques have been applied to 
assist in the recovery and analysis of skeletal human remains, whether discovered on the 
surface or uncovered from a clandestine burial. Burials exposed by mechanical plowing 
are not limited to archaeological contexts, and taphonomic research on agricultural 
disturbance can be beneficial to the recovery efforts of a medicolegal investigation. There 
has been some research on the disturbance of plowing to clandestine burials (Kiley 2000, 
2008; Nawrocki and Clark 1994) that examines the dispersal and damage of skeletal 
remains in a forensic context, but these are in need of validation and expansion.  
An agricultural field can be an ideal location for a clandestine burial for a number 
of reasons (Godwin and Canter 1997; Häkkänen et al. 2007; Lundrigan and Canter 
2001a, b; Nethery 2002). Excavation in a previously tilled field would be significantly 
easier due to the level of disturbance to the soil. Access to relatively isolated agricultural 
fields is often made easy by utility roads maintained by the farmers to whom the fields 
belong. Agricultural fields in some areas also tend to be within a reasonable distance of 
city limits, not requiring extensive travel that could increase the likelihood that an 
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individual would be caught in possession of human remains but are also isolated enough 
to allow for a person to dispose of a body without an increased fear of being disturbed. 
For example, de Donno et al. (2009) described methods of body disposal in Apulian 
mafia murders, where 16 bodies in various conditions were discovered both on the 
surface and buried within agricultural land. Although the present research is applicable in 
archaeological contexts, the focus is primarily on its forensic applications. In the case of 
clandestine burials, where the time between burial and discovery may be a significantly 
shorter period of time, the extent of disturbance should be significantly less and full 
recovery much more likely.  
 
Skeletal Markers of Plow Damage 
The machinery utilized in agricultural activities can cause direct physical damage 
to the individual elements, and the extent of damage to the burial as a whole can be 
expected to be different for increased intervals of plowing. While these taphonomic 
alterations add information to the bone as to the events that occurred during the 
postmortem interval, they have the potential to obliterate or alter information that could 
be important in determining a biological profile or cause of death (Calce and Rogers 
2007; Pokines 2014). The marks left by a disk plow on the bone also have the potential to 
mimic perimortem trauma due to the construction of the machinery and the extent to 
which it has impacted the remains. 
 Hacking or chopping trauma is characterized as blunt force trauma with a sharp 
object (De Gruchy and Rogers 2002; Symes et al. 2012). The trauma to skeletal remains 
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caused by a disk plow can be characterized as this type of trauma in that it impacts bone 
with excessive force and possesses a relatively sharp-edge on the blades. This damage 
could mimic other forms of hacking trauma related to cause of death such as axe trauma, 
which often causes a crushed and fragmented wedge-shaped fracture (De Gruchy and 
Rogers 2002; Humphrey and Hutchinson 2001; Lynn and Fairgrieve 2009; Tucker et al 
2001). The ability to distinguish disk plow-induced damage from other fractures is 
especially important in the case of juvenile remains, because the fracture types and 
frequency patterns are important in establishing whether the individual was a victim of 
child abuse, where multiple fractures or fracture episodes can be an indicator of severe or 
chronic abuse (Kleinman 2005; Love et al. 2011). While the fracture patterns of child 
abuse is not the focus of this research, the skeletal material utilized simulates children 
aged 3 to 5 years, who are at a heightened risk for a non-accidental death than younger or 
older age groups (Boudreaux et al. 1990). 
 
Recovery Methods 
Special consideration for the recovery methods employed must be taken when 
dealing with juvenile remains, as the recovery methods used for adult remains may not be 
as effective for juveniles due to the differences in body mass and skeletal element size. 
This research tests the methods that facilitate the best data recovery in the event of 
discovery after disturbance from agricultural activities, while also considering the 
recovery of juvenile skeletal remains.  
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Pedestrian survey has proved to be an effective means for locating surface 
material, and the distribution of surface material has been shown to correspond to the 
distribution of subsurface material (Redman and Watson 1970). In much of the research 
concerning agriculturally disturbed archaeological material, the initial site assessment is 
conducted by pedestrian survey with surface material being marked and mapped 
(Ammerman 1985). A pedestrian survey was employed in this research to locate surface 
material and conduct a preliminary assessment of disturbance. 
During an archaeological excavation, the screening of material can dramatically 
increase the amount of recovered material, particularly in regards to small artifacts such 
as microdebitage and small mammal bones (Payne 1972; Shaffer 1992; Shaffer and 
Sanchez 1994). When excavating a clandestine burial, it is necessary to screen the soil in 
order to collect skeletal material or other forensically relevant items that were not readily 
visible to the excavator. When dealing with skeletonized remains, the small phalanges, 
carpals, and tarsals may go unrecovered if the excavated soil is not screened. There are a 
number of variables that can influence the choice of the size and type of screen utilized. 
When dealing with fetal and neonate remains, the smaller screen mesh sizes have been 
shown to be more effective in recovery of such small elements (Pokines and Baker 2014). 
Small elements such as teeth can pass through larger mesh sizes and can result in the loss 
of important developmental age indicators. A minimum of ¼” mesh screen is 
recommended for the recovery of adult remains (Haglund et al. 2002; Pokines and Baker 
2014). However, the most effective mesh size is also dependent upon the type of soil in 
which the remains are interred. Soil with high gravel content or high clay content can be 
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more difficult and time consuming when using smaller mesh sizes and can interfere with 
recovery rates (Pokines and Baker 2014; Shaffer 1992). 
 
Observations of Mechanical Plowing on Buried Juvenile Remains in Utah 
The purpose of this research was to examine the taphonomic impacts of 
mechanical plowing on buried skeletal remains which may arise in forensic and 
archaeological contexts. Ten juvenile pig skeletons were buried at two different depths, 
and then impacted with a disk plow pulled by a tractor for different intervals. The skeletal 
remains were recovered using archaeological survey and excavation methods, and the 
distance traveled from the original location and percentage of undamaged material was 
calculated. The following hypotheses were tested: 
 (1) With the greater the number of plow passes, the greater the distance that 
osseous material will be distributed from the primary burial feature. The distance 
that osseous material could be distributed is highly dependent on time and the number of 
plowing episodes the soil experiences during routine planting and harvesting activities. 
This project was designed to simulate different periods of time and plowing episodes by 
increasing the number of plow passes for each set of pig burials. Two of the pig skeletons 
were impacted only once, which set a baseline for the extent of disturbance and the ‘best 
case’ scenario in the event of immediate discovery. Two of the pig skeletons were 
impacted three times, which represents the typical soil disturbance seen throughout the 
course of a single year in the cultivation of most crops (EPA 2012). The remaining sets of 
pig skeletons were impacted in increasing number of passes and are meant to test the 
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extent to which bone could move in the event remains are unnoticed for an extended 
period of time. The additional intervals tested were five passes, seven passes, and ten 
passes.  
 (2) The distance distributed will be less for osseous material buried at a 
greater depth than those at a shallower depth. The dispersal of osseous material was 
expected to be less extensive if the burial was only partially within the plow zone as 
opposed to being completely within it. Within each set of pig burials impacted for 
different intervals, one burial had a bottom depth of 15 cmbs (entirely within the plow 
zone), and the other had a bottom depth of 22 cmbs (partially within the plow zone). 
 (3) The percentage of osseous material recovered undamaged will be higher 
if the primary burial location is deeper and/or the number of plow passes are fewer. 
A bone was considered damaged if it exhibited any marks, fractures, or was fragmented, 
and the bones were examined prior for any pre-existing damage. The percentage of bone 
recovered undamaged was expected to be lower if the burial is shallower or if it has 
experienced a greater number of plow passes. 
 (4) The damage to bone caused by the offset disk plows will be unique and 
distinguishable from other types of blunt and sharp force trauma. The disk plow is 
composed of two rows of metal disks, which have thin, smooth, moderately sharp edges. 
These disks impact bone in a manner similar to boat propeller blades with multiple 
parallel rows of similar marks (Semeraro et al. 2012), and is a type of trauma referred to 
as hacking trauma (Humphrey and Hutchinson 2001). Abrasions can also occur when 
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bone comes into contact with the disk blades or rocks within the soil (Haglund et al. 
2002). 
 (5) The recovery rate of the juvenile osseous material in the ¼” screen will be 
lower than the recovery of rate of material in the ⅛” screen. The use of juvenile pig 
remains allowed for an additional line of research questioning that concerns recovery 
methods. Juvenile remains are different from adult remains due to their differences in 
their structural composition and their overall size. When recovering juvenile remains, 
special considerations must be made to ensure a complete recovery, mainly with the use 
of a finer mesh screen to recover the smaller elements. Two of the pig burials were 
excavated and screened using a nested ¼” and ⅛” mesh and the recovery rates were 
compared statistically.  
This experiment was designed to explore the impacts of mechanical plowing on 
buried remains by taking a different approach than previous research investigating 
agricultural disturbance to archaeological sites. The present project not only investigated 
the patterns of surface material after plowing but incorporated the subsurface distribution 
of material by excavating the area of disturbance. The present research also directly 
compared the differences in disturbance from a single plowing session to several 
repetitions of mechanical plowing, and the influence that depth has upon the distribution 
of skeletal elements. The results from this study can help determine the ‘best case’ 
scenario for the recovery of remains in both a forensic and archaeological setting, as well 
assist in the differentiation between the damage caused by this taphonomic disturbance 
with damage that could be related to the cause of death. 
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CHAPTER 2:  PREVIOUS RESEARCH 
Agricultural Techniques and Equipment in the United States 
Tillage is defined as the mechanical manipulation of soil performed to facilitate 
the growth of crops, and can include activities such as seedbed preparation, weed control, 
and crop chemical incorporation (EPA 2012). The most fundamental functions of tillage 
are to ensure good contact between the seed and the soil and the ready availability of 
water during growth. There are different tillage techniques utilized by farmers which 
have differential disturbance levels to the soil. Conventional tillage, also called intensive 
tillage, involves multiple tilling episodes throughout the year before, during, and after 
planting, and conventional tillage with a moldboard plow has been the standard practice 
for corn production. However, currently about two-thirds of crops are planted without the 
moldboard plow, and mechanical cultivation is limited to single operations within a 
season (EPA 2012). Conservation tillage, which leaves 30% of the residue from the 
previous crop on the surface, has recently been adopted widely by farmers, mostly in the 
Midwestern region of the United States, because it involves a reduction in energy costs, 
reduction in soil erosion, and an overall improvement in the quality of the soil (Berhe et 
al. 2012; EPA 2012; Gil et al. 2009; Mileusnić et al. 2010; Montgomery 2007; Sijsma  et 
al. 1998; Tabatabaeefar et al. 2009; Uri et al. 1998; Young 1999). 
 To prepare the soil for planting, a tractor is used to pull a plow through the soil, 
with the most commonly utilized plows being moldboard plows and disk plows. A 
moldboard plow is made up of a large frame equipped with a series of steel coulters 
(Figure 2.1) that slice through surface residue, followed by steel shares to cut the soil 
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(Figure 2.2). An attached moldboard is used to raise and turn over the soil (EPA 2012). A 
moldboard plow can create furrows 14 to 16 inches (35.6 to 40.6 centimeters) across and 
can disturb soil 7 to 10 inches (17.8 to 25.4 centimeters) below the surface (Haglund et 
al. 2002). 
 
Figure 2.1. Moldboard plow (Tractor Shed, 2014). 
 
 
Figure 2.2. Soil movement of the moldboard plow (John Deere, 2014). 
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 Disk plows and disk harrows are composed of circular blades set on single or 
multiple axles attached to a mainframe (Doerr 1986) (Figure 2.3). The number of disks, 
diameter of the disks, and weight of the disks vary depending on the type of soil 
preparation needed. Disk plows have a single set, or disk gang, that inverts the soil as it 
moves, and generally manipulates the soil in one direction. A disk harrow, or offset disk 
plow, usually has two sets of disk gangs, and each set moves soil in opposing directions, 
resulting in a greater mixing of the soil and greater plowing efficiency in heavy soils 
(Doerr 1986) (Figure 2.4).  
 
Figure 2.3. Offset disk plow. 
 The offset disk has a minimum of two disk gangs set at opposing angles on a 
metal frame with a hydraulic lift assembly that adjusts for the depth of soil penetration 
(Doerr 1986). By changing the disk diameter, the spacing between disks and the height of 
the frame optimizes deep plowing, normal plowing, and pulverizing. Deep plowing 
requires disks greater than 30 inches in diameter with each weighing more than 500 lbs. 
Conventional plowing uses disks between 26 and 30 inches in diameter with each  
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Figure 2.4. Soil movement of the offset disk plow. 
weighing between 200 to 500 lbs., and surface pulverization uses disks smaller than 24 
inches in diameter with each weighing less than 200 lbs. (Doerr 1986).  A notched disk 
blade and wider disk spacing enable greater soil penetration and pulverization (Figure 
2.5).  
 
 
Figure 2.5. Disk plow with notched blades (Tractor By Net, 2014). 
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Archaeological Research 
Mechanical Plowing Disturbance 
Agricultural disturbance of archaeological sites became a focus of research when 
archaeologists began to question the correspondence of surface to subsurface materials. 
Redman and Watson (1970) compared the collection of artifacts through systematic 
surface collection to the subsurface materials recovered during excavation. The variables 
determining the visible patterns of surface deposition of prehistoric artifacts depend on 
the natural and human processes operating on the site as well as the topography of the site 
(Redman and Watson 1970). These taphonomic factors (though the authors do not use 
this terminology) include extensive agricultural activity. Their study focused on two 
prehistoric mounds in southeastern Turkey located on agricultural plains near seasonal 
water sources. These sites have been tilled with wooden plows pulled by draft animals for 
an unknown but extensive period of time. The plows employed were estimated to go 10 
to 12 cm (3.9 to 4.7 in) deep, and the authors believed that it did not seriously affect their 
surface distribution results (Redman and Watson 1970). Though the study found that 
systematic surface collection was a reliable method for problem-oriented research 
designs, it also diminishes the impact of agricultural activity by dismissing it as “not very 
great,” (Redman and Watson 1970:280). 
 Roper (1976) excavated the Airport Site in Springfield, Illinois in 1974. This was 
a site which consisted of a late Archaic mortuary component represented by twelve 
burials with associated artifacts, including thirteen stone bifaces that had been disturbed 
by plowing for at least 20 to 30 years. The biface fragments were refitted, and the 
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distance between the pieces were used to calculate the relative displacement caused by 
the plowing. Roper (1976) stated that the lateral displacement due to plowing may not be 
as great as previously assumed and that surface scatter can be used as a reliable indicator 
of subsurface distributions. 
 Ammerman and Feldman (1978) noted a tendency in previous research for 
surface material to be regarded as representing a simple 1:1 relationship to the material in 
the ground, specifically in the plow zone. The authors noted that variation should be 
expected in surface material. Their experiment consisted of repeated surface collections 
of two sites in Calabria in southern Italy to examine the variations in surface distribution 
patterns of artifacts impacted by cultivation. Ammerman and Feldman (1978) found that 
the likelihood that a piece should appear on the surface may not be independent of its 
size, and an experimental approach is necessary where the number and size class of 
artifacts would be fully known. 
 Ammerman (1985) conducted a plow zone experiment in Calabria, Italy. The aim 
of this research was to develop an experimental design that could be implemented in 
survey work and to present some general insights into the manifestation of surface 
material in plow zone sites (Ammerman 1985). The experiment consisted of six rows of 
tiles, totaling 1,000 2.5 cm x 2.5 cm x 0.5 cm (1 in x 1 in x 0.2 in) tiles, spaced 20 cm 
(7.9 in) apart and 2 cm (0.79 in) below the surface. The plowing depth ranged from 15 to 
20 cm (5.9 to 7.9 in), and the field was plowed two or three times a year in inconsistent 
directions. The site was then surveyed, and the tiles on the surface were flagged, recorded 
and left in place. The average distance that the tiles traveled was 2 m (6.7 ft.) from the 
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original lines, but the average distance was noted by Ammerman (1985) to be gradually 
increasing over time. The surface to subsurface material ratio was at best 1:14 and at 
worst 1:23, and the gradual displacement of artifacts could have major implications when 
estimating the size of sites and interpreting the spatial patterning of artifacts (Ammerman 
1985). 
Frink (1984) studied the effects of plowing on the archaeological record and the 
limitations this activity places on the interpretation of the spatial patterning of artifacts. 
Repeated surface collections were conducted in 1981-1983 of sites in the New England 
region of the United States in active corn fields. Agricultural disturbance consisted of 
plowing and disking and was limited to the upper 10 inches (25.4 cm) of soil. The 
validity of interpretations from surface collections from plowed fields was analyzed, and 
the physical attributes of the artifacts which contribute to the surface scatters were 
examined. The pattern extrapolated from disturbed archaeological sites was used to 
develop hypotheses on the qualitative and quantitative inferences that can be made from 
surface collection. Frink (1984) further determined that artifacts have the likelihood of 
appearing on the surface after plowing once every 6 to 7 years and that the average width 
of artifacts appearing on the surface remains constant, which suggests that the plowing 
activity sorts the artifacts according to width, with length and thickness as secondary 
factors and mass as an independent and random variable. The site size and concentration 
of artifacts resulting from different activities (food processing, lithic reduction, etc.) can 
be inferred using the estimate that there is a 15-16% surface manifestation of material. 
However, it is ideally applied over multiple field seasons of site recordation and is not 
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necessarily relevant to a single episode of disturbance. The physical positioning of each 
individual artifact does not retain meaningful information, but rather its relation to other 
artifacts (Frink 1984). 
 Lewarch and O’Brien (1981) conducted an experiment where the artifact 
assemblage and distribution were known, using a total of 6,160 chert artifacts which 
varied in size, shape, and density. Artifacts were sorted into three different size classes 
and were equally distributed on the ground within 1 m (3.3 ft.) squares. Two tillage 
treatments were carried out: the first consisted of a single pass in a northward direction 
using an 18 inch (45.7 cm) disk plow, and the second treatment consisted of three passes 
in alternating north-south direction with the same plow. Lewarch and O’Brien (1981) 
estimated that the increase in the number of tillage operations would result in higher 
recovery rates of large objects, but the results instead indicated a decrease in recovery 
and relative proportion of larger objects to smaller objects. Their estimation is based on 
what is commonly referred to as the size effect, as described by Baker (1978), where 
larger artifacts have a higher density on the upper and surface portions of the site as a 
result of them being scavenged and reused, but this does not apply to any other artifact 
type than lithic. They state that three equipment passes are limiting and may not be 
sufficient to detect the development of frequency thresholds by size of object, but that a 
threshold may be reached following approximately 10 to 15 plowing episodes (Lewarch 
and O’Brien 1981).  
 Various agricultural implements produce different amounts of longitudinal (with 
the direction of plowing) and transverse displacement (perpendicular to the direction of 
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plowing), and because most force is exerted in the direction of equipment movement, 
longitudinal dispersion of objects will generally be greater on average than transverse 
displacement for all implement types (Lewarch and O’Brien 1981). Duration of tillage 
was an important contributing factor when examining longitudinal movement, and a 
gradual increase in longitudinal movement of material through time can be expected, 
although transverse displacement did not appear to change significantly over time. 
Lewarch and O’Brien (1981) suggested that in order to maximize the utility of surface 
material interpretations, archaeologists should obtain all possible information about 
tillage history, conduct surface collection in the smallest practical units, plot total 
frequencies by unit to observe pattern complexity, and use algorithms to reduce the 
amount of noise introduced by tillage. The observations made are generalizations that 
attempt to quantify the effects of tillage on archaeological material and further research 
would be needed to examine greater tillage durations (Lewarch and O’Brien 1981). 
 Odell and Cowan (1987) conducted an experiment where the object type, total 
number of objects, object dimensions, and exact location of objects were known and the 
type and frequency of agricultural treatment and collection technique were controlled. 
This experiment used 1,000 bifaces, broken tools, flakes, and other debitage from modern 
flintknapping episodes, excluding microdebitage, which were painted a bright blue color 
in order to minimize bias during surface collection episodes, easily exhibit the damage to 
the material from tillage activities, and to prevent material not recovered to be mistaken 
as prehistoric artifacts (Odell and Cowan 1987). The debitage was placed 10 to 15 cmbs 
in a grid system covering a 15 by 15.5 meter area in an active agricultural field. The 
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agricultural activity consisted of the resident farmer plowing the field with a moldboard 
plow prior to planting, followed by a disk plow later in the season, and traveling in an 
exclusively east-west direction. Two plowing patterns were used, one characterized by a 
dead furrow in the middle of the field called a dead furrow pattern, and the second by 
dead furrows along the margins, called a back furrow pattern. A survey was conducted 
after natural rain to ensure maximum visibility, with all objects pin-flagged, recorded, 
and left in place. This was repeated 12 times between October 1981 and November 1983. 
 The mean recovery rate was 5.63%, which supports Lewarch and O’Brien’s 
(1981) hypothesis that increased duration of tillage tends to lessen differences in recovery 
rates. While the farmer tended to alternate between the dead furrow pattern and back 
furrow pattern, statistical tests show that the difference between the two patterns is not 
significant. All displacement calculations were made from the initial location rather than 
location of last recovery, if a piece had been previously recorded, with the grand mean of 
displacement being 2.04 meters. Odell and Cowan (1987) stated that although 
displacement means might stabilize eventually if their experiments had continued, both 
cumulative curves have achieved a degree of stability over the last three plowing/disking 
episodes, and equilibrium conditions may have been approached. This experiment 
demonstrated that the duration of tillage has a profound effect on the displacement of 
artifacts, and there is significantly more displacement parallel to the direction of tillage 
than transverse to it. The average cumulative displacement in the direction of plowing 
was 1.6 meters east-west, and the perpendicular displacement was 0.9 meters north-south. 
Regarding size, the differences in displacement between large and small artifacts was not 
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significant, but the size effect was still active, where larger pieces tend to occur more 
frequently on the surface than their relative abundance in the population (Odell and 
Cowan 1987). 
 Dunnell (1990) critiqued Odell and Cowan (1987), in relation to the lack of 
correlation between size and lateral displacement of artifacts. Dunnell (1990) stated that 
no obvious mechanism can account for a relationship between object size and 
displacement distance if the movement of the object is incidental to sediment movement. 
Smaller objects may be moved as part of the sediment, but larger objects are moved by 
tillage equipment directly. Secondly, heavy soils with high clay content may trap objects, 
and the size of the combined soil adhering to the object and the artifact would dictate 
distance rather than the size of the object alone. Third, Dunnell (1990) argues that if 
equilibrium did not exist and could not be reached, then artifact densities within a field 
would quickly become uniform within the field boundaries. Reaching equilibrium can 
only be possible only when the number of artifacts becomes stable; however, artifact 
breakage from plowing activities changes the average size and the number of artifacts 
within the plow zone. In response to Dunnell (1990), Cowan and Odell (1990) 
maintained that size does affect displacement and that breakage should have no 
discernable effect. Cowan and Odell (1990) also stated that they do not believe 
equilibrium is inevitable, and that all sites may be under the process of expansion but 
have not yet reached the field’s edge.  
 Yorston (1990) also critiqued Odell and Cowan (1987), with the most significant 
being the misuse of cumulative means, with the curve resulting from the original 
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measurements being dramatically different from the cumulative average curve and failing 
to support Odell and Cowan’s (1987) claim of reaching artifact disturbance equilibrium. 
The cumulative average appeared to reach equilibrium by eight artifact collection, but 
Yorston (1990) argued that just because the cumulative average tends to reach 
equilibrium does not mean that the recovered weight is also coming to equilibrium. 
Yorston (1990) also disagreed with the result that there is no correlation between artifact 
size and displacement. Cowan and Odell (1990) agreed with Yorston (1990) that 
cumulative means were used inappropriately for interpreting central tendencies within 
“time series”. In regards to the correlation between artifact size and displacement, Odell 
and Cowan were divided in agreement, with the issue of movement within the plow zone 
regardless of their appearance on the surface (Cowan and Odell 1990). 
 Yorston et al. (1990) conducted a controlled study investigating the lateral 
displacement of artifacts within the plow zone which was specifically designed to address 
the issue of data being collected only on the materials that appear on the surface. Their 
experiments were conducted at the Butser Ancient Farm Research Project which utilized 
artificial numbered sherds made of plastic resin containing a low powered magnet, 
allowing it to be located and identified with a fluxgate gradiometer. These sherds were 
planted in known locations and subjected to normal agricultural activities, and at the end 
of each full season of plowing, planting and crop management, the sherds were located 
and their lateral and vertical movements and spatial attitudes were recorded. This 
experiment followed the motion of 36 artificial sherds over six years. Yorston et al. 
(1990) found that artifact distributions did not reach equilibrium but continued to spread 
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out indefinitely as long as the disturbance process was active. In regard to the relationship 
between surface and subsurface material, the authors note that even if plowing preserves 
the average displacement of individual artifacts, the spatial distribution of a group of 
artifacts will be irrecoverably dispersed (Yorston et al. 1990). 
 Clark and Schofield (1991) compiled evidence from an experiment with an 
excavated lithic assemblage from southern England to examine the relationship between 
material on the surface and the quantity and types of material in the plow zone. Their 
experiment consisted of 1,030 flint flakes deposited in a 5 m by 5 m trench 0.2 m below 
the surface, with plowing and cultivation running perpendicular to the trench and the 
direction and depth being recorded by the farmer. The items on the surface were mapped 
in 1 m squares and left on the surface, and the frequency of items present on the surface 
were found to be around 3.5% (Clark and Schofield 1991). The artifacts were divided 
within the trench initially by type, in order to observe whether different sites can be 
delineated after agricultural disturbance with the intention of using the model developed 
on an excavated archaeological site. The authors found that disturbance caused by 
intensive agricultural activity makes the delineation of individual sites within the plow 
zone impossible (Clark and Schofield 1991). 
 Though the experiments and results described above are useful in investigating 
effects of agricultural activity on the integrity and location of artifacts, they are 
exclusively concerned with lithic material, with the only exception being a resin material 
intended to simulate pottery sherds (Yorston et al. 1990). While bone possesses different 
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mechanical properties than lithics, it is likely that bone experiences the similar 
mechanical forces from plowing that lithics do. 
 
Agricultural Taphonomy in Forensic Anthropology 
Haglund et al. (2002) used the results of archaeological research in agricultural 
disturbance and applied those principles to a forensic setting. Soil within a cultivated 
field is plowed, pulverized, crushed, fertilized, aerated, compacted,  and harvested, and 
these activities can be highly detrimental to human remains. Human bone can be 
expected to follow the same displacement patterns as lithics, with the greatest 
displacement following the direction of plowing, with less lateral displacement and that 
the topography of the field can affect the clustering of artifacts or bone (Haglund et al. 
2002). Compaction of the soil as heavy machinery travels over the field may fracture 
elements, and often after harvest, cows or other animals are allowed to graze in fields, 
and elements could be subject to trampling (Calce and Rogers 2007; Haglund et al. 
2002). Once exposed on the surface, the skeletal elements can begin to weather. The 
overall impact of cultivation will depend upon the depth of the burial, the soil type, the 
type of agricultural activity, the degree of cultivation activity, the length of the 
postmortem interval and condition of the remains (Haglund et al. 2002). 
Nawrocki and Clark (1994) presented a case study of skeletal remains recovered 
from a cultivated field in central Indiana. There was no evidence to suggest that the 
remains were deliberately buried, and the weathering of the skeletal material suggested a 
postmortem interval of 1.5 to 3 years. The remains had been scattered across a distance of 
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nearly 518 meters (1700 ft.), and the north to south distribution of bone fragments 
matched the direction of annual plowing within the field. The “low-till”, or conservation, 
farming methods contributed to the extreme scattering of bones and causing the shallow 
burial of material, and the equipment produced damage to the bones that could be 
mistaken for death-related trauma, including incised wounds and all types of fractures 
(Nawrocki and Clark 1994).  
Kiley (2000, 2008) conducted a research experiment looking at the impacts of 
plowing activities on the distribution and damage to bone. The study used twelve 
skeletonized and four mummified juvenile pigs, and the remains were painted different 
florescent colors to optimize the chance of recovery. Half of the pig remains were placed 
in a sweet corn field, and half were placed in a sorghum and buckwheat field. Six pigs 
were recovered after one season of cultivation, and the remainder collected after two 
seasons. This research found that the greatest linear displacement of remains was in the 
direction of plowing, and that displacement was more pronounced after two seasons of 
cultivation. The mummified pigs exhibited less fragmentation and damage likely due to 
the protection of the bones by skin and other soft tissue. Overall the percentage of 
elements recovered after two season of cultivation was 8% (Kiley 2000, 2008). 
 
Clandestine Burial Locations 
 There are several characteristics that an agricultural field possess that would make 
it an ideal location for a clandestine burial: excavation of a burial pit would be easier in 
the tilled soil; access to isolated fields is usually made easier by maintained utility roads 
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used by the farmers; and they tend to be within a short drive of city limits, limiting the 
distance a perpetrator would need to travel with the body of their victim(s). There are a 
number of studies concerning the distance murders are willing to travel from the scene of 
the murder to dispose of a body (Godwin and Canter 1997; Häkkänen et al. 2007; 
Lundrigan and Canter 2001a, b; Nethery 2002), and at least one study directly references 
the use of agricultural fields in order to dispose of remains (De Donno et al. 2009). They 
conducted a study looking at the Apulian Mafia murders in the South of Italy and the way 
that they dispose of their victims. The Apulian Mafia is a professional criminal 
organization noted for trafficking tobacco, drugs, illegal immigrants, and weapons, and 
has a mystical approach to the ceremonies conducted by its members, similar to a 
Masonic lodge. This study examined 83 individuals autopsied between 1980 and 2000 
who were former members or were people caught in the crossfire accidentally. While 
some were found at the murder scene, others were discovered far from the crime scene 
and difficult to access. While 67 bodies were found in other locations (33 bodies were 
deposited in public places, 26 were recovered from automobiles, and 8 were recovered 
from wells), 16 bodies were recovered from agricultural land. They were in various 
conditions, with 4 being burnt, 12 skeletonized, and 4 with adipocere, and were both 
buried and deposited on the surface (3 on the surface, 13 buried) (de Donno et al. 2009).  
 Godwin and Canter (1997) examined the spatial behavior of serial killers in the 
United States by examining the changes in distance traveled as the number of victims 
increased. This study utilized information from solved cases of 54 male serial killers who 
were convicted of at least 10 murders. Spatial analysis of the killer’s home, the victim’s 
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abduction site, and the body disposal site indicated that as the number of murders 
increases, the killers utilize a smaller area to leave the bodies of their victims and start to 
dispose of them very close to home by the ninth and tenth victim (Godwin and Canter 
1997). Their results also show that these sites should be viewed with caution when 
attempting to predict the home area of a serial killer as the systematic changing of 
locations and distances relative to the killer’s home may be deliberate to distract the 
police from the correct area. The overall mean distance traveled from the home to the 
abduction site is 1.46 mi with a standard deviation of 1.25 mi, while the overall mean 
distance from the home to the body dump site is 14.3 mi with a standard deviation of 
5 mi (Godwin and Canter 1997). 
 Hӓkkӓnen et al. (2007) examined distance and disposal patterns in rural 
homicides in Finland. They found that the majority of victims found in rural areas were 
the offender’s acquaintances, but the distance between the crime scene and disposal site 
was greater if the victim was the offender’s family member. It is possible that the 
offenders go greater distances in order to distance themselves from the crime and prevent 
suspicion. This study also shows that offenders disposed of bodies in areas that were 
familiar to them, most often because of close proximity, and that approximately 50% of 
the offenders made extra efforts to conceal the remains (Hӓkkӓnen et al. 2007).  
 Lundrigan and Canter (2001a) conducted a multivariate analysis of serial killers’ 
disposal sites to attempt to recreate the spatial and cognitive frameworks behind them. 
They found that the location of the serial offender’s home had a strong influence behind 
the spatial patterning of the disposal sites, and that this follows with the belief that 
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offenders choose locations that are familiar to them. The distance that the serial offenders 
typically travel to their disposal sites was determined by their perception of a ‘safe’ 
distance and the distance was greater for those operating in small areas (Lundrigan and 
Canter 2001a). An offender who operates over a small range may be more likely to reuse 
locations, while an offender operating over a larger range may not be influenced by the 
same constraints. In a similar study, Lundrigan and Canter (2001b) used spatial analysis 
to also attempt to understand the body disposal patterns of serial killers. The majority of 
offenders appear to be disposing of bodies of their victims in an area that is familiar and 
opportunistic, and the relatively small area from the disposal site to the offender’s home 
follows the routine activity models of behavior. Therefore, their actions are not haphazard 
and show an inherent logic (Lundrigan and Canter 2001b).  
 Nethery (2004) analyzed distance and disposal patterns of cases of non-familial 
abductions that end in homicide. Forty-seven percent of victims were disposed of within 
5 km of the offender’s residence, and for child, young adult and adult victims, the 
majority of sites were chosen because they were near the offender’s residence. The 
majority of murder and disposal sites were in secluded and isolated areas in order to 
minimize the risk of being discovered, but tended to exclude areas that are not easy to 
access (Nethery 2004). She concludes that the best place to look is in a secluded area 
close to the offender’s home that is easy to access, but not frequented by many people. 
An agricultural field fits these criteria and may be among the disposal location choices of 
offenders. 
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Skeletal Trauma 
 When committing a homicide, the way in which the perpetrators kill their 
victim(s) can result in visible damage to the victim’s bones. The type of damage and the 
extent of damage allow investigators to piece together the events which led to the 
victim’s death, and blunt force and sharp force trauma have the potential to cause 
extensive damage to skeletal elements. Clandestine burials in an agricultural field can be 
subjected to direct plowing for long periods of time, and the damage sustained by bone 
during these activities could mimic or disguise perimortem trauma. 
 
Biomechanics of Trauma 
 Biomechanics is the application of the science of forces and energies to a living 
material, and an understanding of biomechanic principles allows for critical insights into 
the mechanics of fracture creation and propagation (Berryman et al. 2010; Kroman and 
Symes 2013).  There are extrinsic and intrinsic factors which impact the fracture 
mechanics. Extrinsic factors include all external variables that contribute to injuries, such 
as the magnitude of force and the rate of application of the force (Kroman and Symes 
2013; Symes et al. 2012). Intrinsic factors include the variables of how the body responds 
to trauma, such as the structure of human bone. Bone is a heterogeneous material 
composed of organic and inorganic matrixes, which make it a viscoelastic material 
(Kroman and Symes 2013; Symes et al. 2012; White and Folkens 2000).  Collagen fibers, 
the organic matrix, create elasticity, flexibility, and strength in bone to withstand tension. 
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Calcium hydroxyapatite crystals, the inorganic matrix, create rigidity, hardness, and 
strength in bone to resist compression. 
 Depending on the extrinsic factors of the trauma, bone under goes two stages of 
deformation before fracture (failure). Elastic deformation is the response of bone to stress 
that does not exceed its ability to return to its original shape (Berryman and Symes 1998; 
Symes et al 2012; Zephro and Galloway 2014). If the stress exceeds the threshold of 
elasticity, bone undergoes plastic deformation, where the response to stress causes 
permanent deformation and bone does not return to its original shape, as it has been 
compromised on a microscopic level (Berryman and Symes 1998; Symes et al. 2012). 
When the threshold of plastic deformation is reached, bone then fails, or fractures. 
Differences in fractures created by slow moving forces and fast moving forces are readily 
visible. If the speed of impact is fast enough, bone acts like a brittle material and does not 
undergo elastic and plastic deformation before failure (Berryman et al. 2010; Berryman 
et al. 2012). With slow-loading forces, bone will exhibit some deformation, and this 
allows for the ability to distinguish between ballistic trauma and sharp and blunt force 
trauma. 
 
Sharp Force Trauma 
 Sharp force trauma is defined as damage caused by a narrowly focused, slow 
loading force with a sharp object that results in incised damage to hard tissue (Symes et 
al. 2002). The object must have an edge bevel, with the border of the blade ground at an 
acute angle to prevent splintering of the material being cut, and objects with squared 
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edges, or those at a 90
o
 angle, do not fall under the classification of knives (Symes et al. 
2002; Symes et al. 2012). By this definition, objects such as boat propellers and disk 
plow blades would not classify as knives. They can scrape, chisel, shave, scratch, and 
crush but cannot incise, cut, or saw, and the resulting trauma is more consistent with 
blunt force trauma (Symes et al. 2012). 
 Semeraro et al. (2012) conducted a review of forensic cases from Rhode Island 
that involved boat propeller injuries to remains. The blades on a boat propeller are 
squared off rather than having a sharp bevel, and the authors argue that is has been 
mistakenly classified as sharp force trauma (Semeraro et al. 2012). Damage to soft tissue 
by propeller damage was shown to exhibit abraded and contused margins, and damage to 
bone consisted of scoring marks and fractures consistent with blunt force trauma. As the 
properties of a boat propeller blade are similar to a disk plow blades and operate in a 
similar manner, plow blade damage could be described and classified using the same 
criteria.  
 
Hacking Trauma 
 Much of the research surrounding sharp force trauma has centered on damage 
inflicted by knives and saws, but there has been limited research examining the use of 
chopping implements such as axes and machetes. Hacking trauma, also termed chopping 
trauma, is defined as an impact from a sharp object with excessive force that begins with 
an incision in bone and may end in fracture (Symes et al. 2012). This is directly related to 
the slow loading impact with enough force that it causes the bone to fail, such as 
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swinging an axe over the shoulder. Comprehensive criteria for hacking trauma were 
developed by Wenham (1989) and have been used as the basis for describing hacking 
trauma in most trauma research. Wenham (1989) described a number of criteria that 
differentiate various types of hacking trauma that are independent of blade type. First, as 
the blade impacts the bone, it produces a smooth cut surface. If the angle is greater than 
90
o
, the obtuse surface will be smooth and the acute surface will be rough and end in 
fractured bone. Second, at the margin of the acute surface, the outer layer produces thin 
flakes. Third, large fragments may break away from beneath the bone as the blade passes 
through it (Wenham 1989). 
 Humphrey and Hutchinson (2001) conducted an experiment looking at specific 
tool characteristics of commonly used hacking objects: axe, machete, and meat cleaver. 
The goal of their research was to determine if there is a set of generalizations about the 
effects of different hacking weapons in order to differentiate trauma in forensic cases. 
The cleaver was found to exhibit a clean narrow entry (1.5 mm) with a smooth cut 
surface on the obtuse angled side and fracturing on the acute angle side (Humphrey and 
Hutchinson 2001). Machete trauma exhibited mostly clean entry sites (3.5 mm) with a 
larger cut width and frequent shattering of the bone. Axe trauma had very recognizable 
entry sites, but their characteristics varied, exhibiting clean entry, shattering, crushing, 
and fracturing with a large entry site (4-5 mm) (Humphrey and Hutchinson 2001). While 
cleaver trauma was clearly distinguishable, there was some difficulty in distinguishing 
machete and axe wounds, though the amount of crushing and the depth of the wound are 
good indicators, and differentiation can made as to weapon type macroscopically.  
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 Lynn and Fairgrieve (2009) also conducted experimental research of chopping 
trauma using fleshed and defleshed deer long bones. They found that the frequency of 
shattering was different in fleshed and defleshed specimens. Their research shows that by 
bisecting the bone and the presence of shattering to differentiate axe and hatchet trauma 
from other chopping wounds, and that the minimum blade widths and lengths may be 
determined from measurements of the trauma (Lynn and Fairgrieve 2009). 
 
Blunt Force Trauma 
 Blunt force trauma is defined as damage caused by a slow-loading to a localized 
area which can be very broad or very small (Berryman and Symes 1998; Symes et al. 
2012; Zephro and Galloway 2014). The more kinetic energy that is transferred to the 
bone, the more damage that occurs, but as the speed is too slow to bypass elastic and 
plastic deformation, bone becomes deformed and is readily visible in the characteristics 
of the fracture. A larger contact area will allow for a greater dispersion of kinetic energy, 
resulting in less damage, but the ability of bone to disperse energy and resist fracture is 
dependent on a rapid and even distribution of the force (Frankel and Nordin 2001; Symes  
et al. 2012). Blunt force trauma can be differentiated from ballistic trauma based on the 
fracture morphology and the presence or absence of bone deformation. In blunt force 
trauma, the bone has the ability to undergo elastic and plastic deformation before failure, 
which is absent in ballistics trauma (Berryman and Symes 1998). By refitting the pieces 
of bone together, this deformation or lack of deformation should be macroscopically 
visible. Fracture patterns in blunt force trauma vary greatly and depend on the shape, 
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mass, and velocity of the object applying the force to bone (Zephro and Galloway 2014). 
Fractures are classified based on the degree and pattern of breakage and classification 
begins by distinguishing if the fracture is complete or incomplete (Galloway et al. 2014; 
Rogers 1992). 
 
Special Consideration for Juveniles 
Risk Factor and Demographic Information 
The skeletal materials chosen for this experiment were in the child-size range of 
40 to 51.8 lbs. (18 to 23.5 kg), because children between the ages of 3 to 5 years are at a 
higher risk for abduction and death (Boudreaux et al. 1999) and are similar in mass to the 
juvenile pigs (CDC 2000). For child victims, the trauma seen in their skeletal remains is 
especially important as the number, location, and timing of fractures can be indicative of 
chronic or severe child abuse, which may have contributed to the cause of death 
(Kleinman 2005; Love et al. 2011). Victim age and gender have been shown to be critical 
variables in child victimization, and the analysis of these variables can reveal patterns in 
offender profiles (Boudreaux et al.1999). A study was conducted using cases from the 
Federal Bureau of Investigation’s (FBI) National Center for the Analysis of Violent 
Crime (NCAVC) breaking down victim and offender profiles and determining patterns in 
victim characteristics, offender characteristics, and offence characteristics. Data on 512 
cases from a period of 1985 to 1995 were gathered from two databases, the Violent 
Criminal Apprehension Program (VICAP) and the Child Abduction and Serial Killer 
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Unit (CASKU). The variables analyzed were the age and gender of the victim, the 
relationship between the victim and offender, and the offense motives.  
 Within the preschool age category (age 3 to 5 years), both gender and age were 
statistically significant, with 74% of the cases involving females with 60% of victims 
being Caucasian (Boudreaux et al.1999). For emotion-based crimes, the offense occurred 
at the residence (60%), with non-residence abductions occurring within 1 mile (50%) or 5 
to 10 miles (50%) of the victim’s home and with offenders living either at the offense site 
(67%) or within 1 to 2 miles (20%). The residence in sexual-based crimes only makes up 
27% of cases, but offenses occurred in the front yard (18%) or a public street within the 
neighborhood (27%), within 1 mile of the home (50%). The crime statistics for 2011 
published by the FBI shows that of the 1,187 murder victims under the age of 18, 301 
victims (25.4%) were in the age group of 1 to 4 years, and 84 victims (7.1%) were in the 
age group of 5 to 8 years (2012). These studies show that male and female children aged 
3-5 years are at a higher risk of abduction and murder than other age groups. 
 
Recovery Methods 
 Child remains are smaller in size than adult remains and have a higher number of 
skeletal elements due to unfused epiphyses and the presence of deciduous teeth along 
with developing permanent teeth. Because of these differences, the recovery methods 
used for an archaeological or clandestine burial would need to be altered to ensure 
complete recovery. The methods used to recover materials from agricultural fields 
suggested by experimental and archaeological studies are tailored to the assumption that 
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the greatest concentration of surface skeletal material will be near the original burial 
location, and Haglund et al. (2002) recommended a potential investigative strategy to 
look for a subsurface feature. All surface remains should be identified by pedestrian 
survey and marked with a pin flag, after which a pattern may be discernable. The pattern 
may be linear with a concentration on one end of the line, or dispersed if the direction of 
plowing has changed over time (Haglund et al. 2002). The area with the greatest 
concentration of materials should be excavated and as well as the soil below the depth of 
the plow disturbance in order to look for a soil disturbance consistent with a grave. 
Additional material can be found by dividing the surrounding area into square units, 
digging up the soil to the depth of the plow zone and screening the soil to collect pieces 
of bone not currently on the surface (Haglund et al. 2002). As screening is essential to the 
recovery of subsurface material, the size of the mesh used can affect the rate of recovery 
for osseous material, especially if the remains being excavated are juvenile. 
 
Screen Mesh Size 
 Payne (1972) conducted one of the first experiments looking at the recovery rates 
between screened and unscreened excavated soil and between wet screening and dry 
screening. In cases where the soil conditions are favorable, such as sand, dry screening is 
relatively efficient down to 2 or 3 mm mesh. The recovery rates of dry sieving can be 
dependent on a wide range of factors such as color, texture and moisture of the soil, the 
personnel, time of day, the weather and the amount of materials in the screen (Payne 
1972). Water screening has the advantage over dry screening in that residue is often so 
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clean that it can be sorted very efficiently. The standard mesh used is often 3 mm, and to 
obtain good samples of small animal bones, it would be necessary to use meshes finer 
than 3 mm.  
 Shaffer (1992) noted that ¼” mesh has become a standard recovery method in 
North American archaeology due to time allotted for recovery as well as the associated 
cost, and finer mesh screening and flotation reserved for random sampling and features. 
The use of larger mesh screens has a recovery bias for larger faunal species, and a loss of 
many microfaunal remains. Tests were conducted using skeletons of modern mammal 
species where each skeleton was individually placed in ¼” screen and shaken for 30 
seconds. These tests confirm the sampling bias towards larger species. Shaffer and 
Sanchez (1994) expanded the research of Shaffer (1992) by comparing the recovery rates 
of ¼” mesh from the previous study using a ⅛” mesh screen and duplicating the methods. 
The study used 22 of the original 26 mammal skeletons and found that the recovery of the 
smaller mammal species was much higher and that the ⅛” mesh had reduced the 
sampling bias. 
 Ozbun (2011) conducted an experiment to test the efficacy of ¼” and ⅛”mesh 
screens in recovering microdebitage. Using flakes produced from modern flintknapping 
episodes, the flakes were passed through each mesh size. The ⅛” screen recovered 98% 
of material, while the ¼” screen only recovered 2% of the material. The recovery rate of 
the ¼” was determined to be so poor that evidence of flintknapping could be missed 
during archaeological site testing (Ozbun 2011). One-eighth inch is generally 
recommended for recovery, but as it takes more time and effort to screen, ¼” is 
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considered by some to be adequate and appropriate for certain uses. Ozbun recommends 
abandoning ¼” altogether in order to capture more data from less excavation (2011). 
Sieving of grave fill has been shown to aid in the recovery of skeletal human 
remains and has become part of laboratory and field methods (Mays et al. 2012). Mays et 
al. (2012) conducted a study to assess the merits of using meshes of various sizes for 
recovering bone and loose teeth. They examined 70 excavated adult burials, 35% of the 
total weight of skeletal material was recovered from sieved soil samples. Their study 
suggested that using a 4 mm mesh is adequate for recovery of adult remains, but that 
subadult remains might require 2 mm or less mesh to have full recovery of bones and 
teeth.  
While there has been many recommendations as to which screen mesh is best, 
there is little consensus on an industry standard. One quarter inch mesh is standard for all 
Joint POW/MIA Accounting Command (JPAC) recovery operations (Pokines and Baker 
2014). A sampling of 25 screening method studies was performed looking at the size of 
screen meshes tested and found that 22 tested ¼” mesh, 20 tested ⅛” mesh, and 7 tested 
ˡ/16” mesh (Lyman 2012). Though recovery of smaller elements increases with smaller 
mesh sizes, there is an increase in the time needed to process the sediments and 
depending on the soil type, recovery rates can decrease as finer mesh sizes also trap 
larger amounts of sediment and rocks which can obscure small bones in the screen 
(Pokines and Baker 2014). Sediments high in clay also pose a special problem in that clay 
adheres to bone surfaces and reduces bone visibility, and wet screening can increase 
recovery rates.  
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Bunch (2010) described a case study involving the recovery and analysis of three 
juveniles whose remains were exhumed when new evidence came to light of possible 
foul play by the mother in their deaths. The soil in which they were buried was a dense 
clay, and the remains were skeletonized and in delicate condition. Bunch determined that 
because of the soil and the structural integrity of the skeletal elements that water 
screening was a better recovery process than dry screening (2010). This research showed 
that soil type should be considered when determining the appropriate recovery methods 
of remains, and that wet screening might be a better method for clay and clay like soils as 
well as for delicate juvenile remains (Bunch 2010).  
 Previous research in the taphonomic effects of plowing on archaeological research 
found that the direction of dispersal is primarily in the direction of plowing, and that the 
surface material represents between 3.5% to 16% of the total amount of material 
(Ammerman 1985; Clark and Schofield 1991; Cowan and Odell 1990; Dunnell 1990; 
Frink 1984; Lewarch and O’Brian 1981; Odell and Cowan 1987; Roper 1976; Yorston 
1990; Yorston et al. 1990). While the research on archaeological sites examines the 
impacts on lithic and ceramic artifacts, there has been some forensic research looking at 
the impact of plowing on skeletal remains (Kiley 2000, 2008; Nawrocki and Clark 1994). 
The results are similar to the archaeological research in that the primary direction of 
dispersal was in the direction of plowing, but the distance was far greater, up to 518 
meters (Nawrocki and Clark 1994). Research has also shown that an agricultural field is 
an ideal location for the disposal of human remains (Godwin and Canter 1997; Hakkanen 
et al. 2007; Lundrigan and Canter 2001a-b; Nethery 2002), and children between the ages 
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of 3 and 5 years old are at a higher risk for abduction and murder (Boudreaux et al. 
1999). 
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CHAPTER 3:  METHODS 
Materials 
This experiment was conducted using juvenile pig (Sus scrofa) skeletal material 
from the Forensic Anthropology program in the Department of Anatomy and 
Neurobiology at Boston University School of Medicine. The skeletal material was stored 
at the Outdoor Research Facility (ORF) in Holliston, Massachusetts, and a total of ten 
approximately complete skeletons were used. The skeletal material used was originally 
obtained from humanely euthanized juvenile pig carcasses from Tufts University School 
of Veterinarian Medicine in Grafton, Massachusetts for use in previous decomposition 
research. The pigs had a recorded mass at death of 40 to 51.8 lbs. (18 to 23.5 kg) (Carrol 
2012; Chang, pers. comm.; Turner-Byfield 2012).  
Prior to the current study, the freshly euthanized pigs were used in one of three 
taphonomic experiments. Seven of the juvenile pig skeletons were used in a taphonomic 
research study comparing insect activity and decomposition rates with thoracic or 
abdominal sharp force injuries (Chang, pers. comm.). The pigs were allowed to 
decompose naturally on the surface in wire mesh cages. Once decomposition was 
complete, the skeletal remains were collected and placed in plastic bags and the remains 
of the individual pigs were kept separate. The bones were laid in a fumigation chamber 
and allowed to dry, and any large pieces of desiccated flesh remaining were removed by 
hand. The individual pigs were then inventoried and photographed (see Appendix A).  
Two of the juvenile pig skeletons were used in a study of underground 
decomposition (Carrol 2012). The starting masses of the pigs were not recorded at the 
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beginning of this experiment. The experiment consisted of three pig carcasses buried in a 
single grave, allowed to decompose for two months, and then exhumed and reburied. 
When the pigs were recovered in the final excavation, they were covered in adipocere 
and laid on a mesh screen to dry. Once dry, they were rinsed with water to remove the 
remaining flesh and allowed to dry again. The bones were stored in plastic containers, 
and the remains of the different pigs were not stored separately. The bones were sorted, 
and approximately two complete pig skeletons were compiled for the present study from 
the available material, then inventoried and photographed (see Appendix A).  
The final juvenile pig skeleton was also used in a study of underground 
decomposition (Turner-Byfield 2012). The pigs were excavated after a period of 6 
months, the state of decomposition was documented, and the remains were wet screened 
through ¼” mesh to clean off the remaining adhering flesh. The bones were stored in 
plastic bags, and the remains of different pigs were not stored separately. The bones were 
sorted out and a single approximately complete pig skeleton was compiled for the present 
research from the available material. The remains were inventoried and photographed 
(see Appendix A).  
 
Methods 
The present research was conducted between May 24 and June 24, 2013 at a farm 
in Milford, Utah owned by Mr. Allen and Mrs. Shauna Mayer. Mr. Mayer’s primary crop 
is alfalfa (Medicago sativa), with corn (Zea mays) and wheat (Triticum sp.) planted on 
portions of his land. Alfalfa has a single planting in the spring, and is harvested three 
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times over the course of the summer and into early fall. Corn and wheat are planted in the 
late spring or early summer with a single harvest in the fall. The utilized fields were 
planted in circular and semi-circular plots and are watered using a pivot irrigation system. 
This system consists of a single line of pipe elevated above the field and mounted on 
supports with wheels. Using water pressure, the main pipe rotates around the field with 
sprinkler lines pipe watering the crops. The circular fields leave several acres of 
unplanted land in the corners of the land plots. This experiment was conducted in the 
north-west corner of one Mr. Mayer’s plot (Figure 3.1). This unused portion of land had 
not been planted for several years, with the current level of soil disturbance being weed 
management every other year using a disk plow. The land used had not been disked 
approximately two years prior to this experiment.  
 
Figure 3.1. Aerial view of Mr. Mayer’s property (Google Earth 2014). Yellow 
markers indicate Mr. Mayer’s residence and the research area. 
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A disk plow pulled by a tractor was used for this experiment. The plow was a 
John Deere 425 Offset Disk with an operating speed of 6.5 to 9.6 km/h (4 to 6 mph) with 
mechanical stops for depth control (Deere & Company 2014) (Figure 3.2). The disk 
blades were spaced 22.9 to 27.9 cm (9 to 11 in). The plow was pulled by a John Deere 
4440 tractor with a 7.6L 6 cylinder diesel engine (TractorData LLC 2012) (Figure 3.3). 
The pig skeletons were buried in relative anatomical position in 50 by 50 cm 
simulated graves that were dug by hand. Pigs #1, #3, #5, #7 and #9 were buried at a 
bottom depth of 15 cm (5.9 inches) below the surface. The pigs were buried in a two by 
five layout oriented north-south, with a distance between each pig north-south of 5 m and 
east-west of 10 m. Each burial unit was mapped and photographed using a TOPCON 
GPT 3200NW series total station. The holes were backfilled by hand and left to settle 
overnight.  
 
Figure 3.2. John Deere 425 Offset Disk Plow owned by Mr. Mayer. 
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Figure 3.3 John Deere Tractor 4440 owned by Mr. Mayer. 
Plowing was conducted the following day the 425 Offset Disk plow pulled by the 
4440 tractor driven by Mr. Mayer and directed by the author. Pig #1 was plowed once 
traveling north, and pigs #3, #5, #7, and #9 were plowed in alternation from north to 
south three, five, seven, and ten times, respectively. After plowing was completed, the 
area was surveyed on foot for surface material, and visible bone was flagged. The 
locations of the surface material were digitally recorded with the total station and 
collected. The original burial locations were relocated using the total station and marked. 
A grid was set up within each plowing furrow aligned with the original burial locations 
using wooden stakes and contractor’s string, creating 1 by 1 m units which were also 
mapped using the total station (Figure 3.4).  
 Excavation was conducted using a shovel and a trowel in 1 by 1 m units. All soil 
within the plow zone was removed, down to undisturbed, hard-packed soil. The dirt was 
screened through a ¼” (6.4 mm) mesh. When skeletal material was found in the unit 
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sediment, the unit was considered positive, and the recovery efforts were extended one 
unit further both north-south and east-west. If a unit was devoid of bone, it was 
considered negative, and excavation was not continued in that direction. Excavation was 
concluded for all burials when the entire outer perimeter of units was negative or until the 
limits of the plow furrows were reached. Units were assigned provenience information 
(unit number) in the order they were excavated, and units which were mapped but not 
excavated were not assigned a unit number. 
 
 
 
Figure 3.4. Diagram of plow furrows and excavation grids.
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Once excavation was complete, the screened dirt was returned and the ground 
leveled with a back hoe by Mr. Mayer. Pigs #2, #4, #6, #8, and #10 were then buried at a 
depth of 22 cmbs (8.7 in.) within the same plow furrows and mapped using the total 
station. Pigs #2, #4, #6, and #8 were plowed in alternation north to south ten, seven, five, 
and three times, respectively, and pig #10 was plowed once traveling south. Any new 
surface material was digitally recorded with the total station and collected. The original 
burial locations were relocated with the total station and marked. The grid of contractor’s 
string was then restrung, and the numbering of units excavated was continued from the 
previous plowing episode. Excavation was carried out in the manner described above. 
The unit sediment for burial #3 and burial #8 was screened using a nested ¼” (6.4 mm) 
and ⅛” (3.2 mm) mesh in order to investigate the differences in recovery rates between 
them. The bone recovered from each screen mesh was placed in separate plastic bags 
with the corresponding provenience information.  
All bagged material was taken from the field for sorting. The skeletal material 
was inventoried, and bone was identified by element and portion when possible. 
Unidentifiable bone was tallied as fragments. The quantity of bone was identified by unit 
and by originating burial and mapped. Maps of the research area were created from the 
total station data using Topcon Tools v.8. The distance traveled by the bone from the 
point of origin was compiled for each burial, and distances traveled north-south and east-
west were differentiated.  
Bone was divided into two categories: damaged and undamaged. A bone was 
considered damaged if it exhibited any marks, fractures, or was fragmented. The 
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percentage of undamaged bone recovered from each burial was calculated by dividing the 
number of undamaged elements recovered by the original number of elements originally 
interred. In addition to the data described above, the material recovered from burials #3 
and #8 was divided by the recovery mesh size and whether the bone was damaged or 
undamaged to test the efficacy of the different mesh sizes.  
Comparisons were made between the different variables using Chi-square 
statistical tests in IMB SPSS Statistics v. 21 software program. Chi-squares tests were 
used to compare burials at the same depth and differing plowing intervals with the 
distance bone traveled north-south and east-west, first with all bone, damaged and 
undamaged, and second with only undamaged bones. Chi-square tests were also run to 
compare the distance undamaged bone was distributed north-south and east-west between 
the burials at different depths and with the same plowing intervals. Chi-square tests were 
used to test the overall recovery of undamaged bone all burial depths and plowing 
intervals. Chi-square comparisons were also made between the ¼” and ⅛” screen 
recovery of burials #3 and #8. 
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CHAPTER 4:  RESULTS 
Burials at 15 cmbs 
Burial #1 
 Pig #1 was buried at a depth of 15 cmbs, and the area of the burial was plowed 
once with the plow going north. The burial was excavated in five units, with only one 
unit containing skeletal material, and was screened using a ¼” mesh. 
 
Movement 
 All skeletal material was recovered within the 1 m by 1 m unit over the original 
burial location (Figure 4.1). The burial did not retain any of the original layout within the 
50 cm by 50 cm feature, and no evidence of the burial pit was seen within the soil. 
 
 
Figure 4.1. Burial #1 excavation units and bone distribution. 
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Damage 
 Of the initial total of 217 skeletal elements, 193 elements (88.9%) were recovered 
undamaged. Sixty pieces of bone collected were damaged, with a total amount of 
recovered skeletal material of 253 (due to fragmentation). 
 
Burial #3 
 Pig #3 was buried at a depth of 15 cmbs and plowed three times in alternating 
directions beginning south. The burial was excavated in eleven units, with four units 
containing skeletal material, and was screened using a nested ¼” and ⅛” mesh. 
 
Movement 
 Skeletal material was distributed a maximum of 3 m north-south (longitudinally 
with the direction of plowing) and a maximum of 2 m east-west (perpendicular to the 
direction of plowing) (Figure 4.2). The burial did not retain any of the original layout 
within the 50 cm by 50 cm feature, and no evidence of the burial pit was seen within the 
soil. 
 
Damage 
 Of the starting total of 200 skeletal elements, 165 elements (82.5%) were 
recovered undamaged.  One hundred and forty-one pieces of bone collected were 
damaged with a total amount of recovered skeletal material of 306 (due to 
fragmentation).  
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Figure 4.2. Burial #3 excavation units and bone distribution. 
 
Burial #5 
 Pig #5 was buried at a depth of 15 cmbs and plowed five times in alternating 
directions beginning north. The burial was excavated in eighteen units, with eight units 
containing skeletal material, and was screened using a nested ¼” mesh. 
 
Movement 
 Skeletal material was distributed a maximum of 5 m north-south (longitudinally 
with the direction of plowing) and a maximum of 2 m east-west (perpendicular to the 
direction of plowing) (Figure 4.3). The burial did not retain any of the original layout 
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within the 50 cm by 50 cm feature, and no evidence of the burial pit was seen within the 
soil. 
 
 
Figure 4.3. Burial #5 excavation units and bone distribution. 
 
Damage 
 Of the starting total of 230 skeletal elements, 186 elements (80.9%) were 
recovered undamaged.  One hundred and fifty-two pieces of bone collected were 
damaged with a total amount of recovered skeletal material of 338 (due to 
fragmentation).  
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Burial #7 
 Pig #7 was buried at a depth of 15 cmbs and plowed seven times in alternating 
directions beginning south. The burial was excavated in forty-two units, with twenty-one 
units containing skeletal material, and was screened using a nested ¼” mesh. 
 
Movement 
 Skeletal material was distributed a maximum of 12 m north-south (longitudinally 
with the direction of plowing) and a maximum of 3 m east-west (perpendicular to the 
direction of plowing) (Figure 4.4). The burial did not retain any of the original layout 
within the 50 cm by 50 cm feature, and no evidence of the burial pit was seen within the 
soil. 
 
Damage 
 Of the starting total of 226 skeletal elements, 153 elements (67.7%) were 
recovered undamaged.  Ninety-nine pieces of bone collected were damaged with a total 
amount of recovered skeletal material of 325 (due to fragmentation).  
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Figure 4.4. Burial #7 excavation units and bone distribution. 
 
Burial #9 
 Pig #9 was buried at a depth of 15 cmbs and plowed 10 times in alternating 
directions beginning north. The burial was excavated in forty-five units, with twenty-
three units containing skeletal material, and was screened using a ¼” mesh. 
 
Movement 
 Skeletal material was distributed a maximum of 12 m north-south (longitudinally 
with the direction of plowing) and a maximum of 4 m east-west (perpendicular to the 
direction of plowing) (Figure 4.5). The burial did not retain any of the original layout 
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within the 50 cm by 50 cm feature, and no evidence of the burial pit was seen within the 
soil. 
 
 
Figure 4.5. Burial #9 excavation units and bone distribution. 
 
Damage 
 Of the starting total of 173 skeletal elements, 96 elements (55.5%) were recovered 
undamaged. One hundred and seventy-two fragments of bone collected were damaged 
with total amount of recovered skeletal material of 268 (due to fragmentation).  
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All Burials at 15 cmbs 
 Figure 4.6 shows the distribution of all burials at an original burial depth of 
15 cmbs. The pattern of distribution showed a progression of bone over a greater surface 
area as the number of plow passes increased. 
Figure 4.7 shows the percentage of both damaged and undamaged bone 
distributed by the distance moved north-south. The percentage of bone distributed 1 m or 
more increased by 20% for 5 plow passes, and increased to approximately 70% for 7 
plow passes. Figure 4.8 shows the percentage of both damaged and undamaged bone 
distributed by the distance moved east-west. The percentage of bone distributed 1 m or 
more increased by 15% for 7 plow passes. 
Figure 4.9 shows the percentage of undamaged bone distributed by the distance 
moved north-south. The percentage of bone distributed 1 m or more increased by 20% for 
5 plow passes, increased to approximatey 65% by 7 plow passes, and then decreased 
slightly to less than 60% by 10 plow passes. Undamaged bone was distributed more than 
4 m only after 7 plow passes, but a greater percentage of bone was distributed 4 m after 
10 plow passes. 
Figure 4.10 shows the percentage of undamaged bone distributed by the distance 
east-west. The percentage of bone distributed 1 m increased by 12% after 7 plow passes, 
and decreased slightly to 9% after ten plow passes.
57 
 
Figure 4.6. Bone distribution of all burials at 15 cmbs. The darker gray shading 
indicates a greater concentration of osseous material, and the lighter gray shading 
indicates a lesser concentration of osseous material. 
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Figure 4.7. Percentage of all bone distributed north-south for burials at a depth of 
15 cmbs. 
 
 
Figure 4.8. Percentage of all bone distributed east-west for burials at a depth of 15 
cmbs. 
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Figure 4.9. Percentage of all undamaged bone distributed north-south for burials at 
a depth of 15 cmbs. 
 
 
Figure 4.10. Percentage of all undamaged bone distributed east-west for burials at a 
depth of 15 cmbs.  
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Figure 4.11 shows the maximum distance bone was distributed for the burials at 
15 cmbs over all the plowing intervals. The north-south distribution increased to12 m 
after 7 plow passes and did not increase after ten passes. The east-west distribution 
increased to 2 m after 3 plow passes, did not increase after 5 plow passes, and then 
increased to 3-4 m after 7 and 10 plow passes. 
 
 
Figure 4.11. Maximum distance distributed for all burials at a depth of 15 cmbs. 
 
Burials at 22 cmbs 
Burial #10 
 Pig #10 was buried at a depth of 22 cmbs and plowed once going south. The 
burial was excavated in four units, with only one unit containing skeletal material, and 
was screened using a ¼” mesh. 
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Movement 
 All skeletal material was recovered within the 1 m by 1 m unit over the original 
burial location (Figure 4.12). A portion of the original burial feature was retained within 
the soil, with 63.5% of the undamaged skeletal material collected from this feature. 
 
 
Figure 4.12. Burial #10 excavation units and bone distribution. 
 
Damage 
 Of the starting total of 301 skeletal elements, 283 elements (94.0%) were 
recovered undamaged.  Twenty-three fragments of bone collected were damaged, with 
the total amount of recovered skeletal material of 306 (due to fragmentation). 
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Burial #8 
 Pig #8 was buried at a depth of 22 cmbs and plowed three times in alternating 
directions beginning south. The burial was excavated in seventeen units, with six units 
containing skeletal material, and was screened using a nested ¼” and ⅛” mesh. 
 
Movement 
 Skeletal material moved a maximum of 4 m north-south (longitudinally with the 
direction of plowing) and a maximum of 2 m east-west (perpendicular to the direction of 
plowing) (Figure 4.13). A portion of the original burial feature was retained within the 
soil, with 58.4% of the undamaged skeletal material collected from this feature.  
 
Damage 
 Of the starting total of 170 skeletal elements, 154 elements (90.6%) were 
recovered undamaged. Sixty-six pieces of bone collected were damaged with total 
amount of recovered skeletal material of 220 (due to fragmentation). 
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Figure 4.13. Burial #8 excavation units and bone distribution. 
Burial #6 
 Pig #6 was buried at a depth of 22 cmbs and plowed five times in alternating 
directions beginning south. The burial was excavated in fourteen units, with five units 
containing skeletal material, and was screened using a ¼” mesh. 
 
Movement 
 Skeletal material was distributed a maximum of 3 m north-south (longitudinally 
with the direction of plowing) and a maximum of 2 m east-west (perpendicular to the 
direction of plowing) (Figure 4.14). A portion of the original burial feature was retained 
within the soil, with 92.6% of the undamaged skeletal material retained in this feature.  
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Figure 4.14. Burial #6 excavation units and bone distribution. 
Damage 
 Of the starting total of 263 skeletal elements, 243 elements (92.4%) were 
recovered undamaged.  Seventy-three pieces of bone collected were damaged, with a 
total amount of recovered skeletal material of 316 (due to fragmentation).  
 
Burial #4 
 Pig #4 was buried at a depth of 22 cmbs and plowed seven times in alternating 
directions beginning north. The burial was excavated in 15 units, with 5 units containing 
skeletal material, and was screened using a ¼” mesh. 
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Movement 
 Skeletal material was distributed a maximum of 3 m north-south (longitudinally 
with the direction of plowing) and a maximum of 3 m east-west (perpendicular to the 
direction of plowing) (Figure 4.15). A portion of the original burial feature was retained 
within the soil, with 86.2% of the undamaged skeletal material recovered collected from 
feature.  
 
Damage 
 Of the starting total of 267 skeletal elements, 253 elements (94.8%) were 
recovered undamaged. Seventy-three pieces of bone collected were damaged with total 
amount of recovered skeletal material of 326 (due to fragmentation).  
 
Figure 4.15. Burial #4 excavation units and bone distribution. 
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Burial #2 
 Pig #2 was buried at a depth of 22 cmbs, and the area of the burial was plowed ten 
times in alternating directions beginning north. The burial was excavated in twenty-one 
units, with nine units containing skeletal material, and was screened using a ¼” mesh. 
 
Movement 
 Skeletal material was distributed a maximum of 5 m north-south (longitudinally 
with the direction of plowing) and a maximum of 3 m east-west (perpendicular to the 
direction of plowing) (Figure 4.16). A portion of the original burial feature was retained 
within the soil, with 84.7% of the undamaged skeletal material recovered collected from 
feature.  
 
Damage 
 Of the initial total of 241 skeletal elements, 222 elements (92.1%) were recovered 
undamaged. Seventy-five pieces of bone collected were damaged, with a total amount of 
recovered skeletal material of 297 (due to fragmentation). 
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Figure 4.16. Burial #2 excavation units and bone distribution. 
 
All Burials at 22 cmbs 
 Figure 4.17 shows the distribution of all burials at an original burial depth of 22 
cmbs. The pattern of distribution showed a progression of bone over a greater surface 
area as the number of plow passes increased. However, the distribution did not cover the 
same surface area as the burials at 15 cmbs.  
Figure 4.18 shows the percentage of both damaged and undamaged bone 
distributed north-south. The percentage of bone distributed 1 meter or more increased to 
approximately 4% after 5 plow passes, 9% after 7 plow passes and 12% after 10 plow 
passes. The percentage of bone distributed 1 meter or more after 3 plow passes was 
greater than 5 plow passes, at 9%. 
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Figure 4.19 shows the percentage of both damaged and undamaged bone 
distributed east-west. The percentage of bone distributed 1 meter or more is 2% after 5 
and 7 plow passes, and increased to approximately 4% after ten plow passes. The 
percentage of bone distributed 1 meter or more after 3 plow passes was greater than 5 
plow passes at 7%. 
Figure 4.20 shows the percentage of undamaged bone distributed north-south. The 
percentage of bone distributed 1 meter or more was at 2% after 5 plow passes and 
increased to 3.5% after 10 plow passes. The percentage of undamaged bone distributed 1 
meter or more after 3 plow passes was greater than 5, 7, and 10 plow passes at 6%. 
Figure 4.21 shows the percentage of all undamaged bone distributed east-west. The 
percentage of bone distributed 1 meter or more was at 2% after 3 plow passes and 
increased to 3% after ten plow passes.  
 
69 
 
Figure 4.17. Bone distribution of all burials at 22 cmbs. The darker gray shading 
indicates a greater concentration of osseous material, and the lighter gray shading 
indicates a lesser concentration of osseous material. 
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Figure 4.18. Percentage of all bone distributed north-south for burials at a depth of 
22 cmbs. 
 
 
Figure 4.19. Percentage of all bone distributed east-west for burials at a depth of 22 
cmbs. 
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Figure 4.20. Percentage of all undamaged bone moved north-south for burials at a 
depth of 22 cmbs. 
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Figure 4.21. Percentage of all undamaged bone distributed east-west for burials at 
22 cmbs. 
 
Figure 4.22 shows the maximum distance of distribution for all burials at 22 cmbs 
over all plowing intervals. The north-south distribution increased to 4 meters after 3 plow 
passes, decreased to 3 meters after 5 and 7 plow passes, and increased again to 5 meters 
after ten plow passes. The east-west distribution increased to 2 meters after 3 plow passes 
and increased to 3 meters after 7 plow passes. Overall, the maximum distance distributed 
in both north-south and east-west increased as the number plow passes increased. 
 
1 Plow
Pass
3 Plow
Passes
5 Plow
Passes
7 Plow
Passes
10 Plow
Passes
1 m 0 3 4 3 7
0 m 283 149 239 250 215
95%
96%
96%
97%
97%
98%
98%
99%
99%
100%
100%
N
u
m
b
e
r 
o
f 
U
n
d
am
ag
e
d
 B
o
n
e
 
C
o
lle
ct
e
d
 
73 
 
Figure 4.22. Maximum distances distributed for all burials at a depth of 22 cmbs. 
 
Quarter-Inch and Eighth-Inch Mesh Recovery 
 Burial #3 was screened with a nested ¼” and ⅛” mesh. The ¼” mesh recovered 
165 undamaged skeletal elements (53.9% of all material recovered) and 113 fragments 
(36.9% of all material recovered), a total of 90.9% of all recovered material. The ⅛” 
mesh recovered an additional 28 fragments and no undamaged bone, for a total of 9.2% 
of all recovered material. 
 Burial #8 was also screened with a nested ¼” and ⅛” mesh. The ¼” mesh 
recovered 154 undamaged skeletal elements (70.0% of all material recovered) and 62 
fragments (28.2% of all material recovered), a total of 98.2% of all recovered material. 
The ⅛” mesh recovered four additional fragments and no undamaged bone, for a total of 
an additional 1.81% of all recovered material. 
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Statistical Analysis 
 Chi-square tests of independence were run in IMB SPSS Statistics v. 21 to test the 
relationship between the number of plow passes and north-south distribution, the number 
of plow passes and east-west distribution, burial depth and north-south distribution, burial 
depth and east-west distribution, the number of plow passes and recovery rates of 
undamaged bone, and recovery rates for the ¼” and ⅛”. For all analyses, the alpha level 
was set at 0.05. 
 
Chi-Square Tests of Distance 
 A chi-square test (Table B.1) was run to determine whether there was a significant 
relationship between the number of plow passes and the distance distributed in the north-
south direction for all burials at 15 cmbs. The sample (n=1417) included all damaged and 
undamaged bone divided into two groups: bone subjected to 1-3 plow passes and bone 
subjected to 5 or more plow passes. The distance distributed was divided into 0-1 meters 
and 2 or more meters. The results show a significant association between the number of 
plow passes and the north-south distribution [X² = 106.83, df =1, p<0.05]. A chi-square 
test (Table B.2) was also run for all bone at the original burial depth of 22 cmbs. The 
sample (n=1465) included all damaged and undamaged bone divided into the same two 
groups as above, with the distribution divided into 0-1 meters and 2 or more meters. The 
results show a significant association between the number of plow passes and the north-
south distribution [X² = 636.56, df =1, p<0.05]. 
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 A chi-square test (Table B.3) was run to determine if there was a relationship 
between the number of plow passes and distance distributed north-south for all 
undamaged bone at the original burial depth of 15 cmbs. The sample (n=694) included all 
undamaged bone divided into two groups: bone subjected to 1-3 plow passes and bone 
subjected to 5 or more plow passes. The distance distributed was divided into 0-1 meters 
and 2 or more meters. The results show a significant association between the number of 
plow passes and the north-south distribution of undamaged bone [X² = 372.58, df =1, 
p<0.05]. A similar test (Table B.4) was run for all undamaged bone at a depth of 22 
cmbs. The sample (n=1155) included all undamaged bone divided into the same two 
groups as above, with the distance divided into 0-1 meters and 2 or more meters. The 
results show a significant association between the number of plow passes and the north-
south distribution of undamaged bone [X² = 22.37, df =1, p<0.05]. 
 A chi-square test (Table B.5) was run to determine if there was a relationship 
between the number of plow passes and distance distributed east-west for all bone at the 
original burial depth of 15 cmbs. The sample (n=1417) included all damaged and 
undamaged bone into two groups: bone subjected to 1-3 plow passes and bone subjected 
to 5 or more plow passes. The distance distributed was divided into 0 meters and 1 or 
more meters. The results show a significant association between the number of plow 
passes and the east-west distribution [X² = 103.65, df =1, p<0.05]. A similar test (Table 
B.6) was run for all bone at a burial depth of 22 cmbs. The sample (n=1465) included all 
damaged and undamaged bone into the same two groups as above, with the distance 
distributed divided into 0 meters and 1 or more meters. The results show a significant 
76 
relationship between the number of plow passes and the east-west distribution [X² = 
36.47, df =1, p<0.05].  
 A chi-square test (Table B.7) was run to determine if there was a relationship 
between the number of plow passes and distance distributed east-west for all undamaged 
bone at the original burial depth of 15 cmbs. The sample (n =793) was divided into two 
groups: bone impacted for 1-3 plow passes and bone impacted for 5 or more plow passes. 
The distance distributed was divided into 0 meters and 1 or more meters. The results 
show a significant relationship between the number of plow passes and the east-west 
distribution of undamaged bone [X² = 46.59, df =1, p<0.05]. A similar test (Table B.8) 
was run for all undamaged bone at 22 cmbs. The sample (n=1153) included all 
undamaged bone into the same two groups as above, with the distance distributed divided 
into 0 meters and 1 or more meters. The results showed there was not a significant 
relationship between the number of plow passes and the east-west distribution of 
undamaged bone [X² = 8.99, df =1, p>0.05]. 
 
Chi-Square Tests of Plow Intervals 
 Two chi-square tests were run to determine if there was a relationship between the 
two burial depths of bone subjected to a single plow pass and the distribution of bone. It 
was determined that the chi-square test could not be performed for north-south 
distribution or east-west distribution, because the distance distributed is constant between 
the two burial depths (Tables B.9-10). 
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 Two of chi-square tests were run to determine if there was a relationship between 
the two burial depths of bone subjected to three plow passes and the distribution of bone. 
A chi-square test (Table B.11) was run to determine if there was a relationship between 
the distribution north-south for all undamaged bone for the burials at 15 cmbs and 22 
cmbs. The distance distributed was divided into 0-1 meters and 2 or more meters. The 
results show that there was a significant association between burial depth and the north-
south distribution [X² = 17.08, df =1, p<0.05]. A similar test (Table B.12) was run for the 
distance bone was distributed east-west for all undamaged bone. The distance distributed 
was divided into 0 meters and 1 or more meters. The results show that there was a 
significant association between burial depth and east-west distribution [X² = 19.74, df =1, 
p<0.05]. 
 Two chi-square tests were run to determine if there was a relationship between the 
two burial depths of bone subjected to five plow passes. A chi-square test (Table B.13) 
was run to determine if there was a relationship between the distribution north-south for 
all undamaged bone for the burials at 15 cmbs and 22 cmbs. The distance distributed was 
divided into 0-1 meters and 2 or more meters. The results show that there was no 
significant association between burial depth and north-south distribution [X² = 3.76, df 
=1, p>0.05]. A similar test (Table B.14) was run for the distance all undamaged bone 
distributed east-west. The distance distributed was divided into 0 meters and 1 or more 
meters. The results show that there was no significant association between burial depth 
and east-west distribution [X² = 1.63, df =1, p>0.05]. 
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 Two chi-square tests were run to determine if there was a relationship between the 
two burial depths of bone subjected to seven plow passes. A chi-square test (Table B.15) 
was run to determine if there was a relationship between the distance all undamaged was 
distributed north-south for the burials at 15 cmbs and 22 cmbs. The distance distributed 
was divided into 0-1 meters and 2 or more meters. The results show that there was a 
significant association between burial depth and north-south distribution [X² = 59.66, df 
=1, p<0.05]. A similar test (Table B.16) was run for the distance all undamaged bone was 
distributed east-west. The distance distributed was divided into 0 meters and 1 or more 
meters. The results show that there was a significant association between burial depth and 
east-west distribution [X² = 29.27, df =1, p<0.05]. 
 Two chi-square tests were run to determine if there was a relationship between the 
two burial depths of bone subjected to ten plow passes. A chi-square test (Table B.17) 
was run to determine there was a relationship between the distance all undamaged bone 
was distributed north-south for the burials at 15 cmbs and 22 cmbs. The distance 
distributed was divided into 0-1 meters and 2 or more meters. The results show that there 
was a significant association between burial depth and north-south distribution [X² = 
58.06, df =1, p<0.05]. A similar test (Table B.18) was run for the distance all undamaged 
bone was distributed east-west. The distance distributed was divided into 0 meters and 1 
or more meters. The results show that there was a significant association between burial 
depth and east-west distribution [X² = 20.45, df =1, p<0.05]. 
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Chi-Square Tests of Recovery Rates 
 Two chi-square tests were run to compare the overall recovery rates of all 
recovered undamaged bone. A chi-square test (Table B.19) was run to test the 
relationship between the original number of elements and the amount of recovered 
undamaged elements for the burials at 15 cmbs. The plow passes were divided into two 
groups: 1 to 3 passes and 5 or more passes. The results show that there was a significant 
association between plowing intervals and recovery rates [X² = 7.49, df =1, p<0.05]. A 
similar test (Table B.20) was run for the original number of recovered undamaged 
elements for the burials at 22 cmbs. The plow passes were divided as described above. 
The results show that there was no significant association between plowing intervals and 
recovery rates for all burials at 22 cmbs [X² = 0.39, df =1, p>0.05]. 
 Two chi-square tests were run in to compare the recovery rates of ¼” and ⅛” 
mesh for all bone recovered for burials at 15 cmbs and 22 cmbs after being subjected to 
three plow passes. The bone was divided into two groups: damaged and undamaged. The 
results of the first test show that there was a significant association between the recovery 
rates of ¼” and ⅛” mesh for all undamaged bone for the burial at 15 cmbs [X² = 36.06, df 
=1, p<0.05] (Table B.21). The results of the second test show that there was a significant 
association between the recovery rates of ¼” and ⅛” mesh for all undamaged bone for 
the burial at 22 cmbs [X² = 9.50, df =1, p<0.05] (Table B.22). 
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Plow-Induced Damage 
 During the examination of the excavated material, bones with clear plow-induced 
damage were set aside and photographed. Figures 4.23-4.25 shows a left pig femur of Pig 
#8. The bone exhibits a 2.7 cm long, 0.1 cm to 0.8 cm in width, and 0.5 cm deep 
depressed incomplete fracture that is V-shaped in cross-section (Figure 4.25). The acute 
angle side of the defect is depressed and fractured, and the obtuse angle side is straighter 
but not smooth.  
 
 
Figure 4.23. Left pig femur with plow damage (Pig #8) Red circle marks the area of 
plowing damage. 
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Figure 4.24. Close-up of plow damage of left pig femur (Pig #8). Red arrow marks 
direction of plow blade. 
 
 
Figure 4.25. Close-up of plow damage of left pig femur (Pig #8). Red lines marks the 
profile shape of the defect. 
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Figure 4.26 shows a right rib from Pig #7. The bone exhibits a transverse 
incomplete greenstick fracture 1 cm long, 0.3 cm wide, and 0.2 cm deep. The obtuse and 
acute angle sides are both straight and rough, and the bone is bowed. The right scapula 
shown in Figures 4.27 and 4.28 was recovered from Pig #9. The bone has been 
fragmented and scraped. There is a shallow linear score toward the lateral end of the bone 
that is V-shaped in cross-section. It is composed of two lines and an empty section were 
the blade skipped over the bone. The first section is 0.8 cm long, the second section is 0.4 
cm long, and both are 0.1 cm in width. The distal end of the scapula exhibits a complete 
transverse fracture. The fracture walls are linear and rough, with a large projecting piece 
of bone on the bottom of the defect (Figure 4.28).  
 
 
Figure 4.26. Right rib with incomplete fracture from plowing damage (Pig #7). The 
red circle marks the location of plowing damage. 
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Figure 4.27. Right scapula with plowing damage (Pig #9).  Red circles mark the 
location of plowing damage. 
 
 
Figure 4.28. Right scapula with plowing damage (Pig #9). Red arrows mark 
direction of plowing damage. 
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 The distal femoral epiphysis shown in Figures 4.29 and 4.30 was recovered from 
Pig #2. The bone exhibits two parallel scoring marks. The more anterior mark is 0.9 cm 
in length, 0.2 cm in width, and 0.2 cm in depth, and the posterior mark is 0.7 cm in 
length, 0.2 cm in width, and 0.1 cm in depth. The marks are V-shaped in cross-section, 
with both sides of the defect straight and rough. The distal femoral epiphysis in Figures 
4.31 and 4.32 was recovered from Pig #10. The bone exhibits a deep linear scrape 1.7 cm 
in length, 0.1 cm to 0.4 cm in width, and 0.4 cm in depth that is V-shaped in profile with 
straight sidewalls (Figure 4.32).  
 
 
Figure 4.29. Distal femur epiphysis with plowing damage (Pig #2). Red circles mark 
plowing damage. 
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Figure 4.30. Close-up of distal femur epiphysis with plowing damage (Pig #2). Red 
arrows mark direction of damage. 
 
 
Figure 4.31. Distal pig epiphysis with plowing damage (Pig #10). Red circles mark 
plow damage.  
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Figure 4.32. Distal femur epiphysis with plowing damage (Pig #10). Red arrow 
marks direction of damage. 
 
 
 
Figure 4.33. Right rib with incomplete fracture (Pig #5). Red circle marks area of 
plow damage. 
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The right rib shown in Figure 4.33 was recovered from Pig #5. The bone exhibits 
an incomplete fracture on the midshaft of the rib with the defect smooth bottomed and 
with a small amount of splintering. The bone defect is 0.4 cm in depth. The right 
astragalus in Figures 4.34 and 4.35 was recovered from Pig #2. The bone exhibits two 
parallel scoring marks that are V-shaped in cross section with straight walls that are not 
smooth. The more superior mark is 1.7 cm long, 0.2 cm in width, and 0.1 cm in depth. 
The more inferior mark is 1.4 cm in length, 0.1 cm in width, and 0.2 cm in depth. The left 
astragalus shown in Figures 4.36 and 4.37 was also recovered from Pig #2. The bone 
exhibits extensive crushing and has been fragmented into two large pieces. The smaller 
distal piece from the astragalus has a deep linear score mark 0.4 cm wide and 0.5 cm in 
depth with very rough sides and V-shaped in cross-section.   
 
Figure 4.34. Right astragalus with plowing damage (Pig #2). Red circles mark 
plowing damage. 
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Figure 4.35. Right astragalus with plowing damage (Pig #2). Red arrows mark 
direction of plowing damage. 
 
 
Figure 4.36. Crushed left astragalus from plowing (Pig #2). 
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Figure 4.37. Crushed left astragalus from plowing damage (Pig #2). Red arrow 
marks direction of plow damage. 
 
Summary 
The maximum distance osseous material was distributed for all burials at 15 cmbs 
was 12 meters parallel to the direction of plowing and up to 4 meters perpendicular to the 
direction of plowing. The maximum distance osseous material was distributed for all 
burials at 22 cmbs was up to 5 meters parallel to the direction of plowing and up to 3 
meters perpendicular to the direction of plowing. The percentage of material recovered 
undamaged for the shallow burials was from 88.9% to 55.5% and from 94.0% and 92.1% 
for the deeper burials. The use of the ⅛” mesh increased to recovery of fragments of 
osseous material. Chi-square test were run and found that the relationship between the 
dispersal distance, degree of damage, and plowing intervals was significant. The original 
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burial depth had some influence on the dispersal and degree of damage of material, but 
the relationship was not significant. The damage caused by the offset disk plow was a 
combination of blunt and sharp force trauma, and was manifested in incomplete fractures, 
and linear V-shaped defects. 
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CHAPTER 5:  DISCUSSION 
Distance and Plowing Intervals 
 Hypothesis (1) states that the greater the number of plow passes, the greater the 
distance that osseous material will be distributed from the primary burial feature. This 
hypothesis is supported by this research. The greatest distance osseous material was 
distributed was parallel to the direction of the plowing, north-south. The distance osseous 
material was distributed perpendicular to plowing also increased as the number of 
plowing intervals increased, although to lesser degree.  
 No osseous material was recovered outside the 1 m by 1 m unit over the original 
burial feature at 15 cmbs after a single pass of the offset disk plow. After three plow 
passes, the distribution of material parallel to the direction of plowing (north-south) 
increased up to three meters north-south, and continued to increase after each plow pass. 
After ten plow passes, the distance material was distributed north-south had increased to 
a maximum of 12 meters. For movement perpendicular to the direction of plowing (east-
west), the distribution distance increased to up to two meters after three plow passes, one 
meter less than the north-south movement, and did not increase to a maximum of three 
meters until after seven plow passes. Perpendicular distribution further increased to four 
meters after ten plow passes. While both perpendicular and parallel distribution increased 
as the number of plow passes increased, the parallel distribution was four times greater 
than the perpendicular distribution. 
 Similar to the original shallow burial, no osseous material was recovered outside 
the 1 m by 1 m unit over the deeper original burial after a single plow pass. After three 
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plow passes, the distribution of material parallel to the direction of plowing increased up 
to four meters north-south, but decreased slightly to up to three meters after five plow 
passes. After the ten plow passes, the distance material was distributed north-south had 
increased to a maximum of five meters. For movement perpendicular to the direction of 
plowing, the distribution distance increased to up to two meters after three plow passes, 
and did not increase to a maximum of three meters until after seven plow passes. The 
maximum distance of dispersal parallel and perpendicular were the same after seven plow 
passes, and after ten plow passes, the perpendicular movement was greater than the 
parallel movement.  
 These results of the Chi-square tests show that there is a significant relationship 
between the number of plow passes and the distance that material is distributed both 
parallel and perpendicular to the direction of plowing. This relationship exists regardless 
of the original burial depth. As the number of plow passes increases, so does the distance 
bone is dispersed. These results are consistent with the previous research that stated that 
the greatest distance material is distributed is parallel to the direction of plowing 
(Ammerman 1985; Cowan and Odell 1990; Dunnell 1990; Lewarch and O’Brian 1981; 
Odell and Cowan 1987; Roper 1976; Yorston 1990; Yorston et al. 1990). However, most 
of these studies focused on the distribution of surface material, which represented 
between 3.6 to 16% of all material examined. The average dispersal distance from the 
point of origin in the previous research was approximately two meters, and the present 
research shows that subsurface material can be distributed up to 12 m from the point 
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origin. Surface material may be not as reliable as an indicator of subsurface distribution, 
and excavation is necessary in order to determine the full extent of subsurface material. 
 
Influence of Depth 
 Hypothesis (2) states that the distance distributed will be less for osseous material 
at a greater depth than those at a shallower depth. This hypothesis is supported by the 
results of this research. The maximum distance and overall degree to which osseous 
material was dispersed for the burials partially within the plow zone was less than the 
distributions for the burials entirely within this zone. This includes both distribution 
parallel and perpendicular to the direction of plowing. 
 The maximum distance osseous material was dispersed from the shallow burials 
was 12 meters north-south and four meters east-west, and the maximum distance for 
osseous material dispersed from the deeper burials was five meters north-south and three 
meters east-west. The maximum distance osseous material was dispersed parallel to the 
direction of plowing was 2.4 times greater after ten plow passes for the shallow burial 
than the deeper burial, and 1.3 times further perpendicular to the direction of plowing. 
While there is a difference between the distances dispersed between the two burial 
depths, Chi-Square comparisons between each burial depth impacted by the same number 
of plow passes fails to show that the relationship is significant.  
 Previous researchers did not examine the influence of burial depth on the distance 
material is dispersed by plowing. Some studies examined material deposited on the 
surface (Kiley 2000, 2008), while others buried material slightly below the surface 
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(Ammerman 1985; Clark and Schofield 1991; Lewarch and O’Brian 1981; Odell and 
Cowan 1987; Yorston et al. 1990). The present research was the first to examine directly 
the influence of depth on the distribution distance of material. It is therefore unknown if 
the present results are typical. However, the plow zone has been consistently documented 
as the top 15 to 30 cm of soil (Haglund et al. 2002), so it can be expected that the 
differences in dispersal distance would be replicable in future experiments.  
 
Skeletal Damage 
 Hypothesis (3) states that the percentage of osseous material recovered 
undamaged will be higher if the primary burial location is deeper and/or the number of 
plow passes are fewer. This hypothesis is supported by this research. The recovery 
percentages were calculated using the only the undamaged osseous material for the 
reason that a fragment is only a partial piece of a bone and the number of fragments will 
continue to increase if the bone continues to be broken. This would inflate the total 
percentage of material recovered. Therefore, to account for the possibility of error, only 
the recovered undamaged material was used to calculate recovery percentages. The 
recovery percentages of undamaged osseous material for the shallow burials were lower 
than the recovery percentages for the deeper burials. The recovery percentages were also 
lower for burials subjected to ten plow passes than those only subjected to a single plow 
pass.  
 For all shallow burials, there was a steady decrease in the recovery rates of 
undamaged material as the number of plow passes increased. After a single plow pass, 
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the recovery rate for all undamaged material was 88.9% of the starting total, which 
decreased to 80.9% after five plow passes. Recovery decreased to 67.7% after seven plow 
passes and 55.5% after ten plow passes. There was an overall decrease of 33.4% from 
one plow pass to ten. For all deeper burials, there was also a decrease in the recovery 
rates of undamaged material as the number of plow passes increased. After a single plow 
pass, the recovery rate was 94.0% for all undamaged material, which fell to 92.4% after 
five plow passes. There was a slight increase to 94.8% after seven passes, and then a 
decrease to 92.1% after ten plow passes. There was a 1.9% decrease in the recovery rates 
from one plow pass to ten.  
 In addition to an inverse relationship between recovery rates and the number of 
plow passes, there is a difference in the percentage of undamaged osseous material 
recovered from the shallow and deeper burials. After a single plow pass, the recovery for 
15 cmbs was 5.1% lower than the rate for 22 cmbs. After ten plow passes, the recovery 
was 36.6% lower for 15 cmbs than for 22 cmbs.  
 The differences in recovery rates can mostly be attributed to the fact that there 
was a remainder of the original burial pit in the 22 cmbs burials, and most of the 
undamaged material was recovered from this feature. By being partially below the plow 
zone, much of the material escaped impact from the disk plow. While the previous 
research does not explore the influence of depth on the level of damage, these results are 
consistent with previous research in that the greater the level of disturbance, the higher 
the degree of damage is (Kiley 2000, 2008).  
 
96 
Type of Damage 
Hypothesis (4) states that the damage to bone caused by the offset disk plow will 
be unique and distinguishable from other types of blunt and sharp force trauma. The 
damage seen in this research is unique and distinguishable from perimortem sharp and 
blunt force trauma. The damage seen can be characterized as both sharp force and blunt 
force trauma, but the osseous material used in this research was dry bone and there were 
not enough distinct marks to develop a typology.  
When describing the damage seen in osseous material from plowing, previous 
research has categorized it as sharp force trauma (Nawrocki and Clark 1994); however, 
this does not follow the definition of sharp force trauma according to Symes et al. (2002). 
Sharp force trauma involves incised damage from an object with an edge bevel, and the 
edge of the disk plow has a squared edge and by definition is not a sharp object (Figure 
5.1). The defects caused by the disk plow do have characteristics of sharp force trauma, 
but also exhibit characteristics of blunt force trauma.   
 
Figure 5.1. Close-up of the disk plow blades. 
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The type of damage exhibited included linear scrape marks that were V-shaped in 
cross-section with straight, rough side walls. Some of the linear marks were smooth-
bottomed from the disk rubbing against the bone. There were also depressed and 
incomplete linear fractures. Hacking trauma is most consistent with the trauma seen in 
plowing damage, which is a combination of sharp force and blunt force trauma. This 
damage is similar to the damage seen in boat propeller blades, but it has been argued that 
the terminology used to describe it was inaccurate (Semeraro et al. 2012). Wenham’s 
(1989) criteria of hacking trauma consist of thin flakes being produced from the margin 
of the acute surface and large breakaway fragments which are produced in dry bone by 
the disk plow.  
While this damage could potentially mimic or disguise perimortem trauma, in this 
research the taphonomic indicators made postmortem damage from the disk plow more 
distinguishable. The margins of the defects were different in color than the surrounding 
bone, indicating that the discoloration occurred before the damage. While the damage is 
easily distinguishable in dry bone, there may be a difference in the manifestation of the 
damage in wet or fleshed bone.  
 
Screen Mesh Size 
 Hypothesis (5) states that the recovery rate of the juvenile osseous material in the 
¼” screen will be lower than the recovery rate of the material in the ⅛” screen. This 
hypothesis was supported by this research. A subset of the burials excavated was 
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screened using a nested ¼” and ⅛” mesh screen and found that while almost all the 
material was collected from the ¼” screen, the ⅛” contributed to the recovery of small 
fragments, less than 3 mm in size. Previous research suggests that the smaller screen 
mesh is more efficient in the recovery of small material; however, the remains used in 
this research were too large to pass through the ¼”, even when fragmented and only 
small, unidentifiable fragments were collected from the ⅛” screen. In a medico-legal 
context, small fragments, such as molar crown fragments which can contribute 
significantly to the determination of the biological profile, have the potential to pass 
through the ¼” screen and would be recovered by the ⅛”.  
The soil encountered during this research had a high gravel content, which 
clogged the screen and slowed down the recovery process. In this instance, a smaller 
mesh screen could potentially lower recovery rates by clogging the screen with soil and 
making it more difficult to recover osseous material. However, as the ⅛” could recover 
elements important to a medico-legal investigation, the benefit outweighs the additional 
time needed for recovery. The use of ¼” and ⅛” mesh should be dependent on each 
situation at hand. 
Kiley (2000) conducted the only previous experiment on the impact of 
agricultural activity on buried remains. Eight skeletonized juvenile pigs and four 
mummified juvenile pigs were deposited in active agricultural fields, half in a sweet corn 
field and half in a sorghum and buckwheat field. The pigs were then subjected to normal 
agricultural activities. Only two pigs from each field were selected for excavation, and 
only the surface material was recorded and collected for the remainder of the pigs. The 
99 
depth of excavation was only 3 to 4 cm, although the plow zone has been documented to 
have a depth of up to 30 cm (Haglund et al. 2002). The excavated soil was not screened, 
although previous research has shown that screening increases subsurface recovery 
(Payne 1972). The recovery rates for the skeletonized pig excavated from Field A (sweet 
corn field) was 51.0%, increasing from the surface collection rate of 35.0%. The recovery 
rates for the two skeletonized pigs from Field B (sorghum and buckwheat field) were 
15.0% and 12.0%, increasing from 11.0% for both. The lack of excavation of a majority 
of the pigs impacted by the plowing activities contributed greatly to the low overall 
recovery rate of 35.9% after one year and 8.3% after two years. The differences in the 
recovery rates may have also been affected by the fact that the two fields were plowed 
using different equipment. Field A used exclusively a disk plow while Field B used a disk 
plow, moldboard plow, cultivator, planter and harvester (Kiley 2000).  
The present research shows that subsurface excavation is essential for the 
recovery of subsurface material, and results in relatively high recovery rates. The 
recovery rates in the present research could be compared to the recovery rates of Kiley 
(2000), because the recovery rates for both were calculated using undamaged or mostly 
undamaged material. The recovery rates in the present research after 3 plowing episodes 
for both the shallow and deeper burials were 82.5% and 90.6% respectively, and far 
greater than the recovery rate of 35.0% shown after the equivalent amount of disturbance 
in Kiley (2000). The recovery rates after 10 plowing episodes for both the shallow and 
deeper burials were 55.5% and 92.1% respectively in the present research, while the 
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recovery rates from Kiley (2000) after the equivalent amount of disturbance were only 
12.0-15.0%. 
Kiley (2000) found that the primary direction of distribution was in the direction 
of plowing, which was support by the present research. Kiley (2000) also found that the 
distance dispersed increased as the level of disturbance increased, which was also 
supported by the present research. However, the distances could not be directly 
compared, as the distances in Kiley (2000) were not clearly defined, and only 
incorporated surface material. However, two bones were noted to have gone significant 
distances from the point of origin. One bone from a skeletonized pig from Field B moved 
22.9 meters from the point of origin, and one bone from a mummified pig from Field B 
moved 18.5 meters. The greatest distance material was distributed in the present research 
was 12 meters, 6.5 to 10.9 meters less than the distances in Kiley (2000). This difference 
may be attributed to a few factors. The first is that the distances in the present research 
were artificially limited, most likely by the road located to the north of the research area. 
The second factor for the differences in the distances would be that the different 
equipment used by Kiley (2000) carried the osseous material further than the equipment 
used in the present research. The third is the influence that the soil type had on the way 
osseous material was distributed. The soil in this research had a high clay content, which 
may have restricted the movement of material, but the soil in Kiley (2000) was not 
described or its influence accounted for. The soil may also have accounted for material 
being stuck to the machinery and carried further, as Kiley (2000) did not indicate whether 
the machinery was checked at any point for adhering osseous material. 
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When compared with other forms of taphonomic disturbance, plowing can cause a 
greater distribution of osseous material. Morton and Lord (2006) conducted a study 
looking at the taphonomy of child-sized remains in Virginia. Four phases of the 
experiment were conducted using juvenile pig carcasses deposited in several different 
ways within the environment: buried, suspended, deposited on the surface, and deposited 
on the surface wrapped in material. The primary means of dispersal for the remains was 
animal activity, and the osseous material from the pigs deposited on the surface was 
scattered a distance up to 10 meters, with some material never being recovered. The 
present research has shown that plowing cause material to be distributed up to 12 meters 
from the point of origin, a greater distance than the animal activity with the exception of 
the elements never recovered. Plowing has the potential to cause a greater distribution of 
material than animal activity on juvenile sized remains.  
All the hypotheses tested in the present research were supported by the results. As 
the number of plow passes increased, so did the distance osseous material was 
distributed. The distance that osseous material was distributed was less for the deeper 
burial than for the shallow burials. The percentage of undamaged material recovered was 
higher for the deeper burials than the shallow burials and decreased as the number of 
plow passes increased. The damage cause by the offset disk plow was unique and 
distinguishable and the ⅛” allowed for a greater recovery of osseous material.  
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CHAPTER 6:  CONCLUSIONS 
 The present research has shown that the plowing causes considerably more 
dispersal of material than some previous research suggests. The average distance surface 
material was dispersed by the plowing in archaeological research was approximately 2 
meters from the point of origin (Lewarch and O’Brian 1981; Odell and Cowan 1987; 
Roper 1976; Yorston et al. 1990). The present research found that subsurface material 
was dispersed up to a maximum of 12 meters. However, it is possible that the dispersal 
would continue as long as osseous material was subjected to plowing disturbance. The 
direction of distribution was consistent with previous research in that the dispersal in the 
direction of plowing was greater than the dispersal perpendicular to it. The original burial 
depth does have an influence on the degree of damage and the distance osseous material 
is dispersed, although this relationship was not significant over the present sample. This 
research also found that the type of damage to the osseous material was distinguishable 
from perimortem trauma. For the recovery of osseous material from juveniles between 
the ages of 3 and 5 years old, ⅛” screen mesh would be beneficial to the full recovery of 
fragmentary remains and tooth crowns. 
 Plowing disturbance and damage presents a unique obstacle in the recovery of 
human remains in a forensic context. The present research as well as previous research 
has shown the distance that bone is dispersed, and could continue indefinitely as long the 
plowing is still occurring. However, the plow will most likely only move osseous 
material to the limits of the active field, though the equipment should be inspected for 
any adhering material as well as the area the equipment was stored. The limits of an 
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active field can help focus search efforts on a well-defined area, though the area has the 
potential to be hundreds of acres.  
The best recovery procedure should always begin with a pedestrian survey. The 
survey should be conducted in straight transects beginning at the edges of the field and 
traveling in alternating directions with individuals standing in a line spaced 2 to 5 meters 
apart. This should allow for the identification of all surface material. Any material 
located on the surface should be flagged and mapped. A total station would provide the 
quickest and most accurate way to map surface material, as a GPS unit, while quick to 
use, often has an error margin of 4 meters or more, and traditional mapping methods 
would be more time consuming and allow for greater inaccuracies.  
 The identification and mapping of surface osseous material provides investigators 
with the information needed to conduct a more efficient excavation strategy. Plowing can 
bring material to the surface, and a high concentration surface material can be clear 
indication of the original burial location. Excavation is absolutely necessary in the 
recovery of skeletal remains that have been impacted by plowing, as the function of the 
machinery is to invert the soil, and previous research has shown that surface material 
only represents 3.6 to 16% of all material. The total station can be used to set up a 1 m by 
1 m grid over the area, though if there is a need for haste, larger units can be used, either 
2 m by 2 m or 4 m by 4 m, which would be faster to excavate but still provide some 
provenience information for recovered osseous material. Excavation should begin in the 
area of the highest concentration of surface material, as this is the most likely location of 
the original burial feature. Excavation efforts should then be extended in all directions 
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until units lacking osseous material are reached. All areas with surface material should be 
excavated in the same manner regardless if the concentrations do not spatially connect 
with subsurface material.  
 The excavated units would only need to be dug down to the soil below the plow 
zone, as a plow has a limited subsurface reach, and material normally would not extend 
beneath the area of plow disturbance. This would most likely be only the top 15 to 30 cm 
of soil. Osseous material can be moved by other means, such as burrowing animal 
activity (Bocek 1986), and if evidence of this additional disturbance exists, excavation 
should be extended deeper than the plow zone. In the case of the present research, the soil 
beneath the plow zone had a very high compaction that was very difficult to dig through, 
and there were often linear grooves in the soil from the plow which clearly indicate the 
plow’s subsurface reach. The differences in the soil within the plow zone and beneath the 
plow zone would also leave a portion of the original burial pit visible if part of it was 
below the plow zone. There is also the potential for a number of skeletal elements to be 
retained undamaged within these burial pits, as was shown in the present research. It is 
not necessary to dig the units in arbitrary levels, as stratigraphic integrity has already 
been destroyed by the plow. All soil within the plow zone can be excavated by block, and 
given the same provenience information for each unit.  
 Screening of excavated material is also essential, as small osseous fragments 
would not be readily visible to the excavator. A small amount of preliminary training 
should be given to the screeners if they have had no experience with excavation or 
previous osteological training. By spending a short time prior to excavation to give a 
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small presentation on how to identify bone from rocks and plant material can 
dramatically increase the amount of osseous material recovered, as to the untrained eye 
bone can look very much like a stick or a rock which would not be collected.  
Another way to increase osseous recovery rates when working with inexperienced 
individuals is to employ the rule that if they are unsure, to collect it. This material can 
then be sorted in a lab environment by a trained osteologist. The size of the mesh used to 
screen can also alter the recovery of material. A ¼” mesh is standard for all JPAC 
recovery missions (Pokines and Baker 2014), and ⅛” mesh is standard for most cultural 
resource management (CRM) archaeological excavations (pers. obs.). Finer meshes are 
often utilized for special circumstances such as the recovery of fetal remains, but are not 
used as a standard for all excavations due to the increase in the time and effort needed. 
The present research primarily utilized ¼” mesh, which allowed for a faster excavation of 
the project area, but ⅛” mesh allowed for a higher recovery of very small fragments. At 
least ⅛” mesh should be used for the excavation of clandestine burials, especially when 
the remains are those of a juvenile. 
 The biggest obstacle for recovery is the size of the plowing area. Plowed fields 
can extend up to hundreds of acres, and potentially spread osseous material over their 
entirety. Full excavation of several hundred acres would be an enormous cost and take a 
significant amount of time to complete. In the event that osseous material is spread over 
such a great distance, a different approach to recovery would need to be taken. A 
pedestrian survey is still essential, but excavation should be more focal and limited to the 
areas of highest concentration of surface material. Ground penetrating radar would be 
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useless, as the soil would be so loose from plowing that the entirety of the area would 
look the same, and skeletal elements would be indistinguishable from the surrounding 
soil (Doolittle and Bellantoni 2010). Cadaver dogs would be useful in the initial survey, 
as they can identify subsurface osseous material, and can help focus excavation efforts in 
areas where there was no identifiable surface material (Riezzo et al. 2014).  
 In conclusion, agricultural plowing activity causes considerable disturbance to 
buried remains and presents a unique challenge to their recovery. The present research 
has shown that as remains are subjected to increasing intervals of plowing, the further 
osseous material will be distributed from the original burial location and the higher the 
percentage of fragmented material over the range of intervals tested. The distance that 
bone is distributed is limited to the boundaries of the plowed field, and previous research 
has documented cranial fragments 262 meters (860 ft.) from the point of origin 
(Nawrocki and Clark 1994). An initial pedestrian survey and full excavation of the burial 
location are essential for the recovery of osseous material, and ⅛” mesh will allow for a 
better recovery of remains fragmented by plowing. This research has shown that while 
plowing can distribute osseous material over large distances, with appropriate recovery 
methods and an understanding of the type of damage caused by the offset disk plow, 
there will be an effective recovery of skeletal remains. 
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Figure A.1. Skeletal remains of pig #1. 
Scale is in cm. 
APPENDIX A:  PIG SKELETON INVENTORY 
 
 
 
 
 
 
 
 
Table A.1. Pig #1 Inventory 
Skull n 
Cranium (with occipital 
separate and unfused) 2 
Demimandible (right and 
left)  2 
Teeth 16 
Axial Region   
Cervical vertebrae 7 
Thoracic vertebrae 15 
Lumbar vertebrae 4 
Sacral vertebrae (half 
arches)  2 
Vertebral bodies 23 
Vertebral body epiphyses 36 
Sternebrae 2 
Ribs, left and right 27 
Innominates: Ilium, Ischio-
pubis 4 
Limbs (right and left)   
Humerus, epiphyses 7 
Radius, epiphyses 3 
Ulna 2 
Scapula 2 
Clavicle 1 
Femur, epiphyses 8 
Tibia, epiphyses 5 
Fibula 2 
Calcaneus 1 
Astragalus 1 
Metapodials, epiphyses 14 
Phalanges, epiphyses 11 
Carpals/tarsals/misc. 15 
Total 215 
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Figure A.2. Skeletal remains of pig #2. 
Scale is in cm. 
Table A.2. Pig #2 Inventory 
Skull n 
Cranium (with occipital 
separate and unfused, right 
nasal, maxilla, and 
ethmoid separate) 8 
Mandible 1 
Teeth 17 
Axial Region   
Cervical vertebrae 
(unfused) 8 
Thoracic vertebrae 15 
Lumbar vertebrae 6 
Sacral vertebrae (half 
arches)  2 
Vertebral bodies 22 
Vertebral body epiphyses 45 
Sternebrae 2 
Caudal vertebrae 3 
Ribs, left and right 29 
Innominates: Ilium, Ischio-
pubis 4 
Limbs (right and left)   
Humerus, epiphyses 7 
Radius, epiphyses 6 
Ulna 2 
Scapula 2 
Femur, epiphyses 4 
Tibia, epiphyses 6 
Fibula 2 
Calcaneus 2 
Astragalus 2 
Metapodials, epiphyses 16 
Phalanges, epiphyses 12 
Carpals/tarsals/misc. 16 
Total 239 
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Figure A.3. Skeletal remains of pig #3. 
Scale is in cm. 
Table A.3. Pig #3 Inventory 
Skull n 
Cranium (with right 
auditory bulb, pars lateralis 
and pars basilaris unfused) 4 
Demimandible (right and 
left) 2 
Teeth 11 
Axial Region   
Cervical vertebrae 4 
Thoracic vertebrae 14 
Lumbar vertebrae 6 
Sacral vertebrae (half 
arches)  3 
Vertebral bodies 19 
Vertebral body epiphyses 28 
Sternebrae 2 
Caudal vertebrae 1 
Ribs, left and right 29 
Innominates: Ilium, Ischio-
pubis 4 
Limbs (right and left)   
Humerus, epiphyses 5 
Radius, epiphyses 6 
Ulna 2 
Scapula 2 
Femur, epiphyses 7 
Tibia, epiphyses 6 
Fibula 2 
Calcaneus 2 
Astragalus 2 
Metapodials, epiphyses 13 
Phalanges, epiphyses 6 
Carpals/tarsals/misc. 18 
Total 198 
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Figure A.4. Skeletal remains of pig #4. 
Scale is in cm. 
Table A.4. Pig #4 Inventory 
Skull n 
Cranium (with occipital 
represented by squamous 
in 2 pieces and left pars 
lateralis) 4 
Demimandible (right and 
left) 2 
Teeth 11 
Axial Region   
Cervical vertebrae 7 
Thoracic vertebrae 15 
Lumbar vertebrae 7 
Sacral vertebrae (half 
arches)  4 
Vertebral bodies 27 
Vertebral body epiphyses 41 
Sternebrae 4 
Ribs, left and right 28 
Innominates: Ilium, Ischio-
pubis 4 
Limbs (right and left)   
Humerus, epiphyses 6 
Radius, epiphyses 6 
Ulna 2 
Scapula 2 
Femur, epiphyses 7 
Tibia, epiphyses 6 
Fibula 2 
Calcaneus 2 
Astragalus 2 
Metapodials, epiphyses 19 
Phalanges, epiphyses 28 
Carpals/tarsals/misc. 31 
Total 265 
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Figure A.5. Skeletal remains of pig #5. 
Scale is in cm. 
Table A.5. Pig #5 Inventory 
Skull n 
Cranium (with occipital 
separate and unfused) 5 
Mandible 1 
Teeth 11 
Axial Region   
Cervical vertebrae 
(unfused) 9 
Thoracic vertebrae 14 
Lumbar vertebrae 6 
Sacral vertebrae (half 
arches)  1 
Vertebral bodies 27 
Vertebral body epiphyses 45 
Sternebrae 1 
Caudal vertebrae 4 
Ribs, left and right 27 
Innominates: Ilium, Ischio-
pubis 4 
Limbs (right and left)   
Humerus, epiphyses 7 
Radius, epiphyses 6 
Ulna 2 
Scapula 2 
Femur, epiphyses 7 
Tibia, epiphyses 6 
Fibula 2 
Calcaneus 2 
Astragalus 2 
Metapodials, epiphyses 24 
Phalanges, epiphyses 16 
Carpals/tarsals/misc. 31 
Total 255 
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Figure A.6. Skeletal remains of pig #6. 
Scale is in cm. 
Table A.6. Pig #6 Inventory 
Skull n 
Cranium (right and left 
maxillae, nasal conchae, 
left nasal, pars basilaris, 
right and left pars lateralis) 8 
Demimandible (right) 1 
Teeth 2 
Axial Region   
Cervical vertebrae 
(unfused) 8 
Thoracic vertebrae 13 
Lumbar vertebrae 
(unfused) 12 
Sacral vertebrae (half 
arches)  6 
Vertebral bodies 23 
Vertebral body epiphyses 29 
Sternebrae 5 
Ribs, left and right 29 
Innominates: Ilium, Ischio-
pubis 4 
Limbs (right and left)   
Humerus, epiphyses 8 
Radius, epiphyses 6 
Ulna 2 
Scapula 2 
Femur, epiphyses 6 
Tibia, epiphyses 6 
Fibula 2 
Calcaneus 2 
Astragalus 2 
Metapodials, epiphyses 24 
Phalanges, epiphyses 27 
Carpals/tarsals/misc. 46 
Total 293 
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Figure A.7. Skeletal remains of pig #7. 
Scale is in cm. 
Table A.7. Pig #7 Inventory 
Skull n 
Cranium (with occipital 
separate and unfused)  5 
Mandible 1 
Teeth 11 
Axial Region   
Cervical vertebrae 
(unfused) 3 
Thoracic vertebrae 14 
Lumbar vertebrae 
(unfused) 10 
Sacral vertebrae (half 
arches)  6 
Vertebral bodies 21 
Vertebral body epiphyses 21 
Sternebrae 1 
Ribs, left and right 27 
Innominates: Ilium, Ischio-
pubis 4 
Limbs (right and left)   
Humerus, epiphyses 7 
Radius, epiphyses 5 
Ulna 2 
Scapula 2 
Femur, epiphyses 8 
Tibia, epiphyses 6 
Fibula 2 
Calcaneus 2 
Astragalus 2 
Metapodials, epiphyses 20 
Phalanges, epiphyses 15 
Carpals/tarsals/misc. 27 
Total 224 
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Figure A.8. Skeletal remains of pig #8. 
Scale is in cm. 
 
 
 
Table A.8. Pig #8 Inventory 
Skull n 
Cranium (fragmented 
zygomatics, maxillae, 
nasals, pars laterali, pars 
basilaris, and occipital 
squamous) 11 
Demimandible 2 
Teeth 16 
Axial Region   
Cervical vertebrae 
(unfused) 8 
Thoracic vertebrae 15 
Lumbar vertebrae 6 
Sacral vertebrae (half 
arches)  1 
Vertebral bodies 19 
Vertebral body epiphyses 19 
Caudal vertebrae 1 
Ribs, left and right 28 
Innominates: Ilium, Ischio-
pubis 4 
Limbs (right and left)   
Humerus, epiphyses 8 
Radius, epiphyses 4 
Ulna 2 
Scapula 2 
Femur, epiphyses 7 
Tibia, epiphyses 6 
Fibula 2 
Calcaneus 2 
Astragalus 2 
Metapodials, epiphyses 9 
Phalanges, epiphyses 8 
Carpals/tarsals/misc. 4 
Total 168 
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Figure A.9. Skeletal remains of pig #9. 
Scale is in cm. 
Table A.9. Pig #9 Inventory 
Skull n 
Cranium (fragmented pars 
laterali, parietals, 
zygomatics, frontals, 
maxillae, nasals, vomer, 
pars basilaris, occipital 
squamous portion) 16 
Demimandible (right and 
left) 2 
Teeth 11 
Axial Region   
Cervical vertebrae 
(unfused) 8 
Thoracic vertebrae 15 
Lumbar vertebrae 
(unfused) 6 
Sacral vertebrae (half 
arches)  1 
Vertebral bodies 22 
Ribs, left and right 30 
Innominates: Ilium, Ischio-
pubis 3 
Limbs (right and left)   
Humerus, epiphyses 8 
Radius, epiphyses 4 
Ulna 2 
Scapula 2 
Femur, epiphyses 5 
Tibia, epiphyses 6 
Fibula 2 
Calcaneus 2 
Astragalus 2 
Metapodials, epiphyses 9 
Phalanges, epiphyses 9 
Carpals/tarsals/misc. 9 
Total 172 
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Figure A.10. Skeletal remains of pig 
#10. Scale is in cm. 
Table A.10. Pig #10 Inventory 
Skull n 
Cranium (right and left 
maxilla, occipital condyles, 
ethmoids, pars basilaris, 
occipital squamous 
portion) 8 
Demimandible (right and 
left) 2 
Teeth 16 
Axial Region   
Cervical vertebrae 
(unfused) 9 
Thoracic vertebrae 15 
Lumbar vertebrae 
(unfused) 8 
Sacral vertebrae (half 
arches)  3 
Vertebral bodies 27 
Vertebral epiphyses 36 
Sternebrae 3 
Caudal vertebrae 3 
Ribs, left and right 29 
Innominates: Ilium, Ischio-
pubis 4 
Limbs (right and left)   
Humerus, epiphyses 8 
Radius, epiphyses 5 
Ulna 2 
Scapula 2 
Femur, epiphyses 7 
Tibia, epiphyses 5 
Fibula 2 
Calcaneus 2 
Astragalus 2 
Metapodials, epiphyses 24 
Phalanges, epiphyses 37 
Carpals/tarsals/misc. 40 
Total 299 
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APPENDIX B: CHI-SQUARE TESTS 
Tables B.1. Chi-Square test for north-south movement of all damaged and 
undamaged bone at an original burial depth of 15 cmbs. 
 
Plow Passes 
 Observed N Expected N Residual 
1-3 plow passes 559 708.5 -149.5 
5+ plow passes 858 708.5 149.5 
Total 1417   
 
Distance N-S 
 Observed N Expected N Residual 
0-1 meters 1299 708.5 590.5 
2+ meters 118 708.5 -590.5 
Total 1417   
 
Test Statistics 
 Plow Passes Distance N-S 
Chi-Square 63.092
a
 984.306
a
 
df 1 1 
Asymp. Sig. .000 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 708.5. 
 
 
Number of Rows  5 Alpha 0.05 
(<9)  Critical Value 21.02606982 
Number of Columns 4 Chi-Square Statistic 106.8317509 
(<9)  P-Value 2.52783E-17 
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Tables B.2. Chi-Square test for north-south movement of all damaged and 
undamaged bone at an original burial depth of 22 cmbs. 
 
Plow Passes 
 Observed N Expected N Residual 
1-3 plow passes 526 732.5 -206.5 
5+ plow passes 939 732.5 206.5 
Total 1465   
 
Distance N-S 
 Observed N Expected N Residual 
0-1 meters 1442 732.5 709.5 
2+ meters 23 732.5 -709.5 
Total 1465   
 
Test Statistics 
 Plow Passes Distance N-S 
Chi-Square 116.429
a
 1374.444
a
 
df 1 1 
Asymp. Sig. .000 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 732.5. 
 
 
Number of Rows  7 Alpha 0.05 
(<9)  Critical Value 36.41503 
Number of Columns 5 Chi-Square Statistic 636.5632 
(<9)  P-Value 5.2E-119 
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Tables B.3. Chi-Square test for north-south movement of all recovered undamaged 
bone at an original burial depth of 15 cmbs. 
 
Plow Passes 
 Observed N Expected N Residual 
1-3 plow passes 358 347.0 11.0 
5+ plow passes 336 347.0 -11.0 
Total 694   
 
Distance N-S 
 Observed N Expected N Residual 
0-1 meters 646 347.0 299.0 
2+ meters 48 347.0 -299.0 
Total 694   
 
Test Statistics 
 Plow Passes Distance N-S 
Chi-Square .697
a
 515.280
a
 
df 1 1 
Asymp. Sig. .404 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 347.0. 
 
 
Number of Rows  5 Alpha 0.05 
(<9)  Critical Value 26.29623 
Number of Columns 5 Chi-Square Statistic 372.5776 
(<9)  P-Value 2E-69 
 
  
120 
Tables B.4. Chi-Square test for north-south movement of all recovered undamaged 
bone at an original burial depth of 22 cmbs. 
 
Plow Passes 
 Observed N Expected N Residual 
1-3 plow passes 437 577.5 -140.5 
5+ plow passes 718 577.5 140.5 
Total 1155   
 
Distance N-S 
 Observed N Expected N Residual 
0-1 meters 1147 577.5 569.5 
2+ meters 8 577.5 -569.5 
Total 1155   
 
Test Statistics 
 Plow Passes Distance N-S 
Chi-Square 68.365
a
 1123.222
a
 
df 1 1 
Asymp. Sig. .000 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 577.5. 
 
 
Number of Rows  3 Alpha 0.05 
(<9)  Critical Value 15.50731 
Number of Columns 5 Chi-Square Statistic 22.37309 
(<9)  P-Value 0.00427 
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Tables B.5. Chi-Square test for east-west movement of all damaged and undamaged 
bone at an original burial depth of 15 cmbs. 
 
Plow Passes 
 Observed N Expected N Residual 
1-3 plow passes 559 708.5 -149.5 
5+ plow passes 858 708.5 149.5 
Total 1417   
 
Distance E-W 
 Observed N Expected N Residual 
0 meters 1331 708.5 622.5 
1+ meters 86 708.5 -622.5 
Total 1417   
 
Test Statistics 
 Plow Passes Distance E-W 
Chi-Square 63.092
a
 1093.878
a
 
df 1 1 
Asymp. Sig. .000 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 708.5. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 9.487729 
Number of Columns 5 Chi-Square Statistic 103.6537 
(<9)  P-Value 1.64E-21 
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Tables B.6. Chi-Square test for east-west movement of all damaged and undamaged 
bone at an original burial depth of 22 cmbs. 
 
Plow Passes 
 Observed N Expected N Residual 
1-3 plow passes 526 732.5 -206.5 
5+ plow passes 939 732.5 206.5 
Total 1465   
 
Distance E-W 
 Observed N Expected N Residual 
0 meters 1424 732.5 691.5 
1+ meters 41 732.5 -691.5 
Total 1465   
 
Test Statistics 
 Plow Passes Distance E-W 
Chi-Square 116.429
a
 1305.590
a
 
df 1 1 
Asymp. Sig. .000 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 732.5. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 9.487729037 
Number of Columns 5 Chi-Square Statistic 36.47321676 
(<9)  P-Value 2.3E-07 
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Tables B.7. Chi-Square test for east-west movement of all recovered undamaged 
bone at an original burial depth of 15 cmbs. 
 
Plow Passes 
 Observed N Expected N Residual 
1-3 plow passes 358 396.5 -38.5 
5+ plow passes 435 396.5 38.5 
Total 793   
 
Distance E-W 
 Observed N Expected N Residual 
0 meters 761 396.5 364.5 
1+ meters 32 396.5 -364.5 
Total 793   
 
Test Statistics 
 Plow Passes Distance E-W 
Chi-Square 7.477
a
 670.165
a
 
df 1 1 
Asymp. Sig. .006 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 396.5. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 9.487729 
Number of Columns 5 Chi-Square Statistic 46.59832 
(<9)  P-Value 1.85E-09 
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Tables B.8. Chi-Square test for east-west movement of all recovered undamaged 
bone at an original burial depth of 22 cmbs. 
 
Plow Passes 
 Observed N Expected N Residual 
1-3 plow passes 436 576.5 -140.5 
5+ plow passes 717 576.5 140.5 
Total 1153   
 
Distance E-W 
 Observed N Expected N Residual 
0 meters 1136 576.5 559.5 
1+ meters 17 576.5 -559.5 
Total 1153   
 
Test Statistics 
 Plow Passes Distance E-W 
Chi-Square 68.483
a
 1086.003
a
 
df 1 1 
Asymp. Sig. .000 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 576.5. 
 
 
Number of Rows  7 Alpha 0.05 
(<9)  Critical Value 36.41503 
Number of Columns 5 Chi-Square Statistic 636.5632 
(<9)  P-Value 5.2E-119 
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Tables B.9. Chi-Square test for north-south movement of all recovered undamaged 
bone after one plow pass. 
 
Burial Depth 
 Observed N Expected N Residual 
15 cmbs 253 279.5 -26.5 
22 cmbs 306 279.5 26.5 
Total 559   
 
Distance N-S 
 Observed N Expected N Residual 
0-1 meters 559 559.0 .0 
Total 559
a
   
a. This variable is constant. Chi-Square Test cannot be performed. 
 
Test Statistics 
 Burial Depth 
Chi-Square 5.025
a
 
Df 1 
Asymp. Sig. .025 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 279.5. 
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Tables B.10. Chi-Square test for east-west movement of all recovered undamaged 
bone after one plow pass. 
 
Burial Depth 
 Observed N Expected N Residual 
15 cmbs 253 279.5 -26.5 
22 cmbs 306 279.5 26.5 
Total 559   
 
Distance E-W 
 Observed N Expected N Residual 
0 meters 559 559.0 .0 
Total 559
a
   
a. This variable is constant. Chi-Square Test cannot be performed. 
 
Test Statistics 
 Burial Depth 
Chi-Square 5.025
a
 
Df 1 
Asymp. Sig. .025 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 279.5. 
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Tables B.11. Chi-Square test for north-south movement of all recovered undamaged 
bone after three plow passes. 
 
Burial Depth 
 Observed N Expected N Residual 
15 cmbs 306 263.0 43.0 
22 cmbs 220 263.0 -43.0 
Total 526   
 
Distance N-S 
 Observed N Expected N Residual 
0-1 meters 513 263.0 250.0 
+2 meters 13 263.0 -250.0 
Total 526   
 
Test Statistics 
 Burial Depth Distance N-S 
Chi-Square 14.061
a
 475.285
a
 
df 1 1 
Asymp. Sig. .000 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 263.0. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 17.08058 
(<9)  P-Value 3.58E-05 
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Tables B.12. Chi-Square test for east-west movement of all recovered undamaged 
bone after three plow pass. 
 
Burial Depth 
 Observed N Expected N Residual 
15 cmbs 306 263.0 43.0 
22 cmbs 220 263.0 -43.0 
Total 526   
 
Distance E-W 
 Observed N Expected N Residual 
0 meters 509 263.0 246.0 
+1 meters 17 263.0 -246.0 
Total 526   
 
Test Statistics 
 Burial Depth Distance E-W 
Chi-Square 14.061
a
 460.198
a
 
df 1 1 
Asymp. Sig. .000 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 263.0. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 19.74349 
(<9)  P-Value 8.86E-06 
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Tables B.13. Chi-Square test for north-south movement of all recovered undamaged 
bone after five plow passes. 
 
Burial Depth 
 Observed N Expected N Residual 
15 cmbs 338 327.0 11.0 
22 cmbs 316 327.0 -11.0 
Total 654   
 
Distance N-S 
 Observed N Expected N Residual 
0-1 meters 650 327.0 323.0 
+2 meters 4 327.0 -323.0 
Total 654   
 
Test Statistics 
 Burial Depth Distance N-S 
Chi-Square .740
a
 638.098
a
 
df 1 1 
Asymp. Sig. .390 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 327.0. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 3.762658 
(<9)  P-Value 0.052409 
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Tables B.14. Chi-Square test for east-west movement of all recovered undamaged 
bone after five plow pass. 
 
Burial Depth 
 Observed N Expected N Residual 
15 cmbs 338 327.0 11.0 
22 cmbs 316 327.0 -11.0 
Total 654   
 
Distance E-W 
 Observed N Expected N Residual 
0 meters 641 327.0 314.0 
+1 meters 13 327.0 -314.0 
Total 654   
 
Test Statistics 
 Burial Depth Distance E-W 
Chi-Square .740
a
 603.034
a
 
df 1 1 
Asymp. Sig. .390 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 327.0. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 1.635725 
(<9)  P-Value 0.200913 
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Tables B.15. Chi-Square test for north-south movement of all recovered undamaged 
bone after seven plow passes. 
 
Burial Depth 
 Observed N Expected N Residual 
15 cmbs 303 314.5 -11.5 
22 cmbs 326 314.5 11.5 
Total 629   
 
Distance N-S 
 Observed N Expected N Residual 
0-1 meters 574 314.5 259.5 
+2 meters 55 314.5 -259.5 
Total 629   
 
Test Statistics 
 Burial Depth Distance N-S 
Chi-Square .841
a
 428.237
a
 
df 1 1 
Asymp. Sig. .359 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 314.5. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 59.66177 
(<9)  P-Value 1.13E-14 
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Tables B.16. Chi-Square test for east-west movement of all recovered undamaged 
bone after seven plow pass. 
 
Burial Depth 
 Observed N Expected N Residual 
15 cmbs 303 314.5 -11.5 
22 cmbs 326 314.5 11.5 
Total 629   
 
Distance E-W 
 Observed N Expected N Residual 
0 meters 586 314.5 271.5 
+1 meters 43 314.5 -271.5 
Total 629   
 
Test Statistics 
 Burial Depth Distance E-W 
Chi-Square .841
a
 468.758
a
 
df 1 1 
Asymp. Sig. .359 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 314.5. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 29.270431 
(<9)  P-Value 6.2949E-08 
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Tables B.17. Chi-Square test for north-south movement of all recovered undamaged 
bone after ten plow passes. 
 
 
Burial Depth 
 Observed N Expected N Residual 
15 cmbs 268 282.5 -14.5 
22 cmbs 297 282.5 14.5 
Total 565   
 
Distance N-S 
 Observed N Expected N Residual 
0-1 meters 495 282.5 212.5 
+2 meters 70 282.5 -212.5 
Total 565   
 
Test Statistics 
 Burial Depth Distance N-S 
Chi-Square 1.488
a
 319.690
a
 
df 1 1 
Asymp. Sig. .222 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 282.5. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 58.06042 
(<9)  P-Value 2.54E-14 
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Tables B.18. Chi-Square test for east-west movement of all recovered undamaged 
bone after ten plow pass. 
 
Burial Depth 
 Observed N Expected N Residual 
15 cmbs 268 282.5 -14.5 
22 cmbs 297 282.5 14.5 
Total 565   
 
Distance E-W 
 Observed N Expected N Residual 
0 meters 510 282.5 227.5 
+1 meters 55 282.5 -227.5 
Total 565   
 
Test Statistics 
 Burial Depth Distance E-W 
Chi-Square 1.488
a
 366.416
a
 
df 1 1 
Asymp. Sig. .222 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 282.5. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 20.45237 
(<9)  P-Value 6.11E-06 
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Tables B.19. Chi-Square test for recovery rates for all recovered undamaged bone at 
an original burial depth of 15 cmbs. 
 
Plow Passes 
 Observed N Expected N Residual 
1-3 plow passes 771 928.5 -157.5 
+5 plow passes 1086 928.5 157.5 
Total 1857   
 
Recovered 
 Observed N Expected N Residual 
Original 1064 928.5 135.5 
Recovered 793 928.5 -135.5 
Total 1857   
 
Test Statistics 
 Plow Passes Recovered 
Chi-Square 53.433
a
 39.548
a
 
df 1 1 
Asymp. Sig. .000 .000 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 928.5. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 7.496252 
(<9)  P-Value 0.006183 
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Tables B.20. Chi-Square test for recovery rates for all recovered undamaged bone at 
an original burial depth of 22 cmbs. 
 
Plow Passes 
 Observed N Expected N Residual 
1-3 plow passes 904 1209.5 -305.5 
+5 plow passes 1515 1209.5 305.5 
Total 2419   
 
Recovered 
 Observed N Expected N Residual 
Original 1264 1209.5 54.5 
Recovered 1155 1209.5 -54.5 
Total 2419   
 
Test Statistics 
 Plow Passes Recovered 
Chi-Square 154.329
a
 4.912
a
 
df 1 1 
Asymp. Sig. .000 .027 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 1209.5. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 0.392748 
(<9)  P-Value 0.530858 
 
  
137 
Tables B.21. Chi-Square test for recovery rates of ¼” and ⅛” mesh of all recovered 
bone for burial at 15 cmbs after three plow passes. 
 
Mesh size 
 Observed N Expected N Residual 
1/4" mesh 278 153.0 125.0 
1/8" mesh 28 153.0 -125.0 
Total 306   
 
Damage 
 Observed N Expected N Residual 
Undamaged 165 153.0 12.0 
Damaged 141 153.0 -12.0 
Total 306   
 
Test Statistics 
 Mesh size Damage 
Chi-Square 204.248
a
 1.882
a
 
df 1 1 
Asymp. Sig. .000 .170 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 153.0. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 36.06613 
(<9)  P-Value 1.91E-09 
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Tables B.22. Chi-Square test for recovery rates of ¼” and ⅛” mesh of all recovered 
bone for burial at 22 cmbs after three plow passes. 
 
Mesh size 
 Observed N Expected N Residual 
1/4" mesh 278 153.0 125.0 
1/8" mesh 28 153.0 -125.0 
Total 306   
 
Damage 
 Observed N Expected N Residual 
Undamaged 165 153.0 12.0 
Damaged 141 153.0 -12.0 
Total 306   
 
Test Statistics 
 Mesh size Damage 
Chi-Square 204.248
a
 1.882
a
 
df 1 1 
Asymp. Sig. .000 .170 
a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell 
frequency is 153.0. 
 
 
Number of Rows  2 Alpha 0.05 
(<9)  Critical Value 3.841459 
Number of Columns 2 Chi-Square Statistic 9.506173 
(<9)  P-Value 0.002048 
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